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Abstract

A series of field experiments in atmospheric diffusion was conducted at

Edwards Air Force Base, California, in 1963. The primary feature which dis-

tinguished this series from similar experimental investigations was that

instantaneous sources were studied. Puffs of tracer material were generated

quasi-instantaneously by short bursts of small, horizontally fired, solid

propellant rocket motors. Tracer samples were collected on a horizontal grid

that had 350 sampling positions. All of the 43 experiments were conducted under

thermally unstable atmospheric conditions.

Analysts of the data identified the region of the turbulent energy spectrum

which contains the eddies that are effective in diffusing the clouds. Eulerian

measurements of turbulence are shown to be correlated with lateral rates of

cloud growth. Downwind distributions of peak inhalation-level dosages were

found to be quite irregular, with the anomalies unpredictable on the basis of

measurable meteorological parameters. It was, nevertheless, possible to

develop an operationally useful estimating equaLion relating peak dosages to

distance from the source.
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PROJECT SAND STORM-AN EXPERIMENTAL PROGRAM

IN ATMOSPHERIC DIFFUSION

I. Introduction

John H. Taylor, Lt. Coloel USAF
Air Force Cambridge Roesrch Laboratories

A field test program in atmospheric diffusion was carried out at Edwards

Air Force Base, California, over a 9-month period in 1963. For ease of refer-

ence the program was nicknamed Project Sand Storm. It was designed primarily

to provide operationally useful statements of dilution rates of pollutant clouds

from small-volume, quasi-instantaneous sources. Motivation for the program

arose from the necessity for using existing test facilities at the Air Force Rocket

Propulsion Laboratory to atatic fire rocket motors whose exhausts contained

substantial amounts of toxic materials, and the inability to estimate with ary 4
degree of confidence the magnitude of the resulting toxicological hazard.

AlIthough recent studies of a similar nature had yielded the technical informa-

tion needed to solve related Air Force problems (Barad, 1958; Barad and Fuquay,
1962; Haugen and Fuqua), 1963; Haugen and Taylor, 1963), there were significant

differences which made the previous studies inapplicable to the current problem.

The basic difference was in the character of the pollutant cloud. The short burst

of a rocket motor can be likened to o -•:*ssi-instantaneous source that generates a

puff. All the previous studies had been concerned with plumes generated by con-

tinuously emitting eources. While it is generally accepted that the behavior of

(Received for publication 8 April 1965) 0
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puffs in the atmosphere differs from that of plumes, the laws governing the diffu-

sion of puffs were not well substantiated. Theoretical investigationts of the behavior

of puffs, important as they might be for guiding the field studies, were not suffi-

cient for solving the operational problem. Further, the few experimental studies

that had been conducted had had very limited objectives and were of little use for

determining the diff'ision rates of clouds generated by static-fired rocket motors.

A preliminary analysis of the problem at Edwards indicated that a substan-

tial field test program would be required to produce the data needed to solve the

immediate operational problem. Even a minimal program for measuring the

horizontal distributions of dosages downwind of the motor-firing point called for

a densely instrumented sampling grid. Meteorological support requirements

included wind and temperature profiles from near the surface to 200 feet and a

sufficient number of surface wind measurements to define significant features,

if any, in the horizontal flow patterns over the sampling grid. Supplemental in-

formation on the initial cloud size and height was considered essential because

of the unknown source configurations. The latter requirement was satisfied at

least partially by double phototheodolite measurements.

The design and direction of Project Sand Storm were undertaken by the Air

Force Cambridge Research Laboratories at the request of the Air Force Rocket

Propulsion Laboratory which, in turn, provided fundi ig, logistic support, and tech-

nical services. Logistic support included construction of the sampling grid, pro-

vision of trucks for service, and facilities for maintaining the equipment. Tech-

nical services included the reduction and processing of meteorological and tracer

sampling data.

Personnel of the 6th Weather Squadron, 4th Weather Group, Air Weather Ser-

vice, installed, maintained, and operated the sampling equipment. Personnel of

Detachment 2!, 4th Weather Group, maintained and operated the meteorological

equipment. The Air Force Flight Test Center provided the personnel and equip-

ment for making phototheodolite observations. Coordination of the varied activi-

ties of all participating units was provided by AFCRL.

The following is a list of the personnel who participated ir. the field test

program:

6th Weather Squadron (Mobile), 4th Weather Group, Air Weather Service

MSgt R. B. Eis
TSgt J. C. Copeland
TSgt P. Zerbecki
SSgt D. L. Hanson
AIC L. M. Acker
A2C J. B. Braden
A2C W. F. Burns
A2C S. L. Carkin
A2C H. A. Clifton, Jr.
A2C B. W. Connolly, Jr.

I:
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A2C A. Farley, Jr.
A2C T. P. Kerbein
A2C M. L. Prince
A2C M. P. Tulledge
A2C D. E. Wagner
A3C T. K. Ingoldsby
A3C W. J. Marino
A3C R. L. Metzendorf
A3C R. A. Mocre
A3C W. M. Warschell
A3C L. N. Young

Detachment 21, 4th Weather Group, Air Weather Service

SSgt P. W. Persian
A1C M. E. Thompson
A2C A. L. Fleenor
A2C B. S. Muelman

Air Force Rocket Propulsion Laboratory

E. J. Enwall
CPT F. J. Fowler*
C. E. Graham
W. F. Mayer
MSgt D. A. Miller
R. L. Noblin

"*Captain Fowler was Staff Meteorologist to AFRPL from Det. 21, 4th Weather
Group.

Air Force Flight Test Center

W. G. Ogle
TSgt J. W. Morgan
C. D. Wood

Hanford Atomic Products Operation, General Electric Company

M. F. Scoggins

Air Force Cambridge Research Laboratories

LTC J. H. Taylor
MAJ F. H. Miller*
CPT J. V. Noug
CPT G. L. Tucker*

*4th Weather Group attached to AFCRL

The three objectives of this report are: (1) to describe the program,

(2) to present some findings of an operationally oriented analysis, and (3) to

present some of the test data. The first objective is accomplished in Chapters II

through VI which deal with the design and description of the field experiments and

include discussions of tracer-dosage measurements, meteorological measure-

ments, and the procedures used in data reduction atd processing. The second ob-

jective is met in Chapter VII in which an analysis of the Sand Storm data is directed

toward the solution of a specific operational problem. The third objective is com-

pleted in the appendices, where one will find tabulations of tracer sampling and

source data in Appendix A, phototheodolite data in Appendix B, and intensity of

turbulence measurements in Appendix C.
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II. Diffusion Experiment Design Factors
John H. Taylor, Lt. Colonel, and Gordon L Tucker, Captain*

Air Force Cambridge Research Laboratories

and Frederick J. Fowler, Capta;n t

Air Force Rocket Propulsion Laboratory

The primary objective of the Sand Storm field program was to collect data
that could be used to develop operationally useful statements of diffusion rates

of puffs released from static-fired rocket motors. The design of the experiments

was directed solely toward the accomplishment of this objective, within the

framework of constraints impnsed by operational limitations and practical

considerations. At the outset the following operational limitations were imposed:

a. The sources were to be the short bursts of small rocket motors static-

fired in a horizontal position. 1
b. The tracer nmaterial was to be the beryllium contained in the propellant

grain and expelled as particulate compounds of beryllium. It is extremely

toxic and necessitated elaborate precautions for safeguarding the health

of personnel participating in field activities.

c. The source point was preselected.

*Currently assigned to Detachment 21, 4th Weather Group, Air
Weather Service.

**During the period of field test, Captain Fowler was assigned as
Staff Meteorologist to AFRPL from Detachment 21, 4th Weather Group.
IHe is currently assigned to the University of Washington.

:1W
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Based on the first two operational constraints and the requirement for a

timely solution, a proven air-sampling technique utilizing readily available

sampling equipment was to be used. The assay procedure selected to complement

the sampling technique is described in Chapter IV. It has the following significant

features which further influenced the design of the experiments:

a. The detection threshold of tracer in the sample .'as about 0. 05 jig Be,

but accurate assays were possible -nly for amounts equal Vo or greater than

0. 5 ug.

b. In practice the range of assessment extended over about 5 orders of

magnitude.

c. The assessment procedure was lengthy, costly, and destroyed the sample.

Because of economic and logistic limitations on the number of sampling units

that could be supported in the field, and the rate at which sample assessments

could be made, a maximum of about 350 samples could be collected per experiment.

In addition, the climatology of low-level winds at the site revealed that in order

to achieve a reasonable expectance of winds favorable to a test, the angular width

of the sampling array had to be at least 90 degrees. Therefore, in order to

adequately define lateral and downwind distributions of dosages, the sampling

array had to be limited to a horizontal plane. This-together with the uncertainty

of the extent of the toxicological hazard associated with the intentional releases

of toxic materials, the desire to obtain a statistically significant set of experi-

ments. and the desirability of conducting rocket motor tests during daylight

conditions-led to the decision to conduct all experiments under thermally unstable

meteorological conditions.

The remaining feature of the basic dosign was the specification of sampler

density in the downwind and lateral directions. Essentially, the problem was that

of finding the best compromise, one which permitted an adequate definition of the

lateral dosage distribution at as many distances from the source as required to

define the downwind distribution of dosages. In making the decision as to the

adequacy of lateral, or arcwise, spacing of sampling units, we utilized the

statistics of Gaussian distributions. To be wholly adequate, the distribution

should be defined by three standard deviations on either side of the mean and have

one to two significant samples per standard deviation (Haugen, 1959). This means

that the peak should be about 100 times the minimum significant dosage and there

should be 7 to 12 samples with significant dosages. With our assay technique

yielding a minimum significant dosage of 0. 5 mg, the peak would have to be at

least 50 jig Be, a factor which also influenced our decision concerning the

maximum distance downwind from the source that sampling would be practical.

Arcwise sampler spacing then became a problem of estimating the expected

lateral dimensions and growth rates of puffs. Some theoretical (Smith and Hay,
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1961; Sutton. 1947) and empirical (Cramer et al, 1958; Aerojet-General Nucleonics,

1962; General Electric Co. , 1962) works were used in making these estimates.

Our estimates were of necessity crude, but they revealed that we woulu ;oi he

able to include a safety factor in arcwise sampling density if we instrumented a

sufficient number of arcs to adequately define downwind distributions. We wished

to sample to the maximum downwind distance permitted by source strengths and

assay te-hniques, and at the same time sh3w the effect of source height on

close-in sirface dosages. P was decided to instrument 10 arcs, giving priority

to downwind sampler density at the expense of arcwise density. However, the

grid design was made flexible enough to allow changes if during the course of the

experiments such changes became necessary. After the fourteenth experiment we

concluded that we could eliminate four of the arcs near the source without degrada-

tion of the experiments. The sampling units from tht: discortinued arcs were then

allotted to the remaining six arcs, giving a more nearlY acceptable arcwise sam-

pling density.

Specificaticrm :)f the tracer sampling grid are given in Chapter III, Table 2.
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III. Description of the Diffusion Experiments

Jurn V. Nou, Captain*
Air Force Cambridge Research Laboratories

1. INTRODUCTION

From March through November 1963, 43 diffusion experiments were conducted

at Edwards Air Force Base, California. All experiments were conducted under

thermally unstable atmospheric conditions with westerly or southwesterly winds of

sufficient strength (over 5 knots) to assure that the trac-r material was carried

downwind within the confines of the sampling grid.

2. THE SOURCE

Small, solid propellant rocket motors were static-fired in short bursts to pro- A
duce the tracer clouds. The horizontally fired motors were aligned approximately

with the wind so that the exhaust was expelled in a downwind direction and remained

close to the ground for a distance of 75 to 150 feet before blossoming into a puff.

However, since the puff had initial finite dimensions, the effective source point for

an equivalent point source lay somewhere upwind. Crude estimates, based on ob-

*Currently assigned to Detachment 10, 4th Weather Group, Air

Weather Service.

- ....). .. .. IIIl • J
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served initial puff dimensions and growth rates over the shorter travel distances,

indicated that the effective source point was very close to the actual firing point.

The relatively large amounts of thermal energy liberated during firings caused

the puffs to rise immediately after they were formed. Although it was not possible

to accurately determine the effective source heights (because phototheodolite

measurements proved to be inadequate for that purpose in most cases), they ap-

peared to vary considerably, depending on the amount of propellant expended and on

the 'vind speed. Based on a limited amount of phototheodolite data and on visual

observations, the effective source heights were estimated to vary from a few feet,

perhaps 10 to 20 feet, when small motors were fired in strong winds, to 100 feet

or slightly more when large motors were fired under light wind conditions.

Firing durations ranged from about 2 to 8 seconds. Propellant grains varied

in weight from about 8 to 70 pounds and produced clouds whose visible dimensions

were initially 50 to 150 feet in diameter. Source data are tabulated in Appendix A.

3. THE TRACER

Finely divided metallic beryllium, an ingredient of the rocket motor propel-

lant grains, was used as the tracer material. When the motors were fired, com-

pounds of beryllium were expelled and distributed throughout the exhaust cloud.

The motors were weighed before and after firing to determine the amount of pro-

pellant expended. This, with a precise measure of the percentage by weight of

beryllium in the grain, provided an accurate measure of the source strength.

4. TRACER SAMPLING

Samplitig techniques and sampling equipment were similar to those used in the

Green Glow, Ocean Breeze, and Dry Gulch diffusion programs. In fact, the basic

sampling units used in Project Sand Storm were those which had been used previ-

ously at Vandenberg AFB and Cape Kennedy in supporting Projects Ocean Breeze

and Dry Gulch. The only significant change to the units was the addition of a

remote-control shutdown capability, a capability necessitated by the toxic nature

of the tracer.

The tracer material was collected on molecular membrane filters mounted

4. 5 feet above the ground. Air, drawn through the filter, was metered at a constant

flow rate of 3. 94 cubic feet per minute by means of a critical flow orifice mounted

in the filter head assembly. Aspiration was provided by a Gast, Model 2565V,

heavy-duty, vane-type vacuum pump driven by a Clinton, Series 290, Model TBA,
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air-cooled, four-cycle, one-cylinder gasoline engine (Scoggins, 1962)W" One en-

gine-pump assembly was required to aspirate each filter. Figures 1 and 2 show

sampling units with typical exposures.

Since the particle-size distribution of the tracer was not accurately known, it

was necessary to test the efficiency of the membrane filters to be sure that tracer

particles were not lost through the filter. The Gelman Type AM-l filters, which

were used throughout the series of experiments, are rated virtually 100 percent

effective in retention of airborne particles of 1 micron diameter and greater.

Figure 1. A Member of the Field Crew, Wearing

Protective Clb)thing and Respirator, is Manually
Starting One of the Sampling Units

*Scoggins, M. F. (1962) The field sampling grid. Chap. VI in Geophysic

Research Paper No. 73 (I), Bedford, Mass., 1962.
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Figure 2. A Sampling Unit With Typical Exposure is Shown. The
source point is located near the meteorological profile tower in
the background about 300 meters away

These filters were mounted side by side with another type of filter (Millipore

Type AA) similarly rated for particles 0. 1 micron diameter and greater.

Dual sample were collected at 30 sampling positions 200 and 300 meters from

the sotirce. Of the 41 pairs of samples so obtained with tracer amounts equal

to or greater than 0. 5 microgram, no statistically significant difference could

be found in the exposures (aass collected no.-malized for sampling rate) for

the 2 types of filter. It was therefore assumed that the particle-size distribu-

tion was centered well above 1. 0 micron and that the Gelman AM-i filter was

adequate for the experiments.
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Figure 3. Distribution of the Ratios of Exposures Obtained From Two
Types of Filters Mounted Side by Side

Figure 3 shows the frequency distribution of the ratios of exposures ob-

tained from the Gelman AM-i filter to those obained from the Millipore AA

filter. The mean of the logarithms of the ratios is -0.0117, corresponding to

a ratio of 0.973. The standard deviation of the losarithms is 0.1202, corre-

sponding to a factor of 1.32. For comparative purposes, the straight line shown

in Figure 3 represents a log-normal distribution with a mean of zero and stand-

ard deviation of 0.1202.

In adr'ition to providing information concerning the statistical significance

of the departure of the mean ratio from the assumed mean of 1.0. the distribu-

tion provides some insight into the reliability of the tracer techniques as

applied in the Sand Storm field test program. Since the dual samples were ob-

tained from independent sampling units (a separate engine, vacuum pump.

vacuum gauge, and critical-flow orifice were used to aspirate each filter), and the

amount of material on each filter was determined independently for each spm-

ple. the differences between amounts collected on filters mounted side by side

is an indication of the combined error introduced by the sampling and assay tech-

niques. There is of course the implicit assumption that the two adjacent filters

were exposed to equal amounts of tracer material. The standard deviation of

0.1202 places the 90 percent confidence limits at a factor of 1.58; that is. meas-

ured exposures could be expected to be within the range 63 to 158 percent of an

0.
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assumed true value 90 percent of the time. Obviously, this is an upper limit of

accuracy attained during the Sand Storm experiments. Systematic errors in

assay techniques, such as a change in assay instrument calibration curves occur-

ring over a period of weeks, could cause measured values to depart from true

values by a slightly greater amount.

5. THE SAMPLING GRID

The tracer sampling units were arrayed on circular arcs concentric on the

firing point. As explained in the preceding chapter, during the first experiments

measurements of the arcwise distributions of tracer material were given a lower

priority than measurements of the axial distributions. Samplers were placed

along 10 arcs ranging from 100 to 2400 meters from the source. After a pre-

liminary analysis of 14 experiments, we found that: (1) a greater arcwise sam-

pler density was required to adequately define arcwise distributions, and (?) the

density of samplers in the downwind direction could be decreased without sig-

nificantly degrading the quality of the experiments. The grid configuration was

t0'-n modified to include six arcs with a greater arcwise sampler density, the total

number of sampling units remaining approximately the same. Originally the grid

was 90 degrees in width, extending from 17 through 107 degrees true azimuth

from the firing point. However, during the course of the experiments it became

apparent that wind directions were invariably such that the cloud was ne-er carried

'oward the northern boundary of the grid. The grid width was then reduced to the

72--degree sector, 035 to 107 degrees. Table 1 shows the various sampling grid

configurations.

The motors were fired from Pad C of AFRPL's Test Area 1- 16, which

was situated near the col of a gentle saddle in the terrain. The land sloped

gently downward from the firing point in both the upwind and downwind direc-

tions, and rose gently in both crosswind directionF. The region upwind 8 miles

from the firing point and downwind over the entire diffusion grid was rather

regular, sandy, desert floor sparsely covered with sage brush and dotted with

Joshua trees. See Figures 4 and 5. Figure 6 st~ows the general location and

layout of the sampling grid.
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Table 1. Sand Storm Sampling Grid Configurations

Distance Experiments No 1-14 Experiments No. 16-27 Experiments No. 28-44
Arc From (170 to 107c,) (170 to 1070) (350 to 1070)

(meters) Sampler Sampler Sampler
Spacing Spacing Spacing

4) a 4 0C

SMeters Meters • Meters z

1 100 4 6.98 13 - - 0 - 0

2 150 4 10.47 23 - - 0 - - 0

3 200 4 13.96 23 2 6.98 46 2 6.98 37

4 250 4 17.45 23 - - 0 - - 0

5 300 3 15.71 31 - - 0 - - 0

6 400 3 20.94 31 2 13.96 46 2 13.96 37

"7 600 3 31.42 31 2 20.94 46 2 20.94 37

8 800 3 41.89 31 1.5 20.94 61 1.5 20.94 49

9 1200 2 41.89 46 1.5 31.41 61 1.5 31.41 49

10 2400 1 41.89 91 1 41.89 91 1 41.89 73

Totals 353 351 282
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Figure 4. Photograph of a Portion of the Sampling Grid. Access roads
along the first seven sampling arcs are visible. The sandy desert floor
on which the grid is located is sparsely covered with clumps of sage
brush and dotted with Joshua trees
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Fizgure 5. Havstack Butte Rises to a Height of About 400 Feet Above
the Desert Floor. Located about 1-1 /2 MileS Southeast of the firing
pad. it is the nearest prominent terrain feature

4w
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IV. Meteorological Instrumentation

Francis H. Miler, Major*
A;r Force Cambridge Research Laboraorins

Primary meteorological support was provided by instruments mounted on :

204-foot profile tower located 200 feet upwind from the rocket-motor firing pad.

The tower, manufactured by Upright Scaffolds, was an open-frame tubular-

aluminum structure, 4 by 6 feet in cross section, assembled from basic units

6 feet high. All wind sensors were mounted on retractable booms extending 12

feet from the tower in a direction perpendicular to the centerline of the tracer

sampling grid. The temperature sensors were mounted on 6-foot booms extending

in the opposite direction. Wind speed and directions were measured at 12, 50,

100, and 200 feet, wind azimuth and elevation angles at 18 and 150 feet, and

temperature differences between 6 and 50, 6 and 100, and 6 and 200 feet. All

data were recorded on strip charts.

The requi:-ement that winds be closely monitored prior to firing the motor and

during the passage of the cloud through the diffusion course necessitated installing

recorders in the central control blockhouse about 1/4 mile from the tower.

Unfortunately, there was not sufficient space in the control room to allow in-

stallation of all the recorders, so only two were installed in the blockhouse; the

remaining seven were installed in a shelter near the foot of the profile tower.

*4th Weather Group, attached to AFCRL.

I



20

Through a switching system, signals fz om any of the four standard wind sets and

either of the two bivane sel , could be selected for display on the recorders in the

blockhouse. In addition, the operation of the chart drive motors for all recorders

could be controlled from the blockhouse.

The tower-mounted wind sets were standard Beckman and Whitley instruments

(Figure 1). The direction transmitters, Model 1565, were lightweight airfoil

vanes attached to a low-torque potentiometer. The wind speed transmitters,

Model 1564, were lightweight three-cup anemometers attached to a chopper disc

which produced a pulsed signal on a phototransistor. Signals from both trans-

mitters were fed to a multichannel translator, Model 1750, and then to a Texas

Instrument Company Rectiwriterdual-channel recorder. The manufacturers'

specifications indicate that: (1) over an 80-degree-azimuth range the combined

tolerat.ces produced a relative error of less than 1. 4 degrees, and (2) above

0. 65 knot the wind speea error was less than 1. 5 percent or 0. 15 knot, which-

Figure 1. Beckman and Whitley Wind Set Consisting of Lightweight Airfoil

Wind Vane and Three-Cup Anemometer
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ever was greater. Calibration checks and adjustments for zero and full scale

were performed 9rior to each diffusion experiment.

The bivane equipment was the standard Gelman-Gill rapid response instrument.

It consisted of a lightweight bidirectional vane connected to two potentiometerd,

one for azimuth and one for elevation angle; a power supply translator; and a

Texas Instrument Company Rectiwriter dual-channel recorder. A relative

error of no more than 1. 2 degrees over a range of 80 degrees in both azimuth

and elevation was indicated f.lr the system. Unfortunately the bivane sets were

not operating ,intil ,ter the tenth experiment, and it was still later in the test ýi

series before we were satisfied with the reliability of the data. For these reasons

the bivane data are incomplete.

Each of the temperature difference sets consisted of two Leeds and Northrup

copper thermohms, Model No. 8195, mounted in Climet Company aspirated

temperature shields, Model No. 0. 6-1. The thermohms were connected into a

self-balancing bridge of a suitably modified Leeds and Northrup Speedomax H

recorder. The modification consisted of a variable resistance connected across

one arm of the bridge to balance out inequalities in the resistances of the therm-

ohms and interconnecting cable leads. The range of the set was -10°F to +20°F.

System accuracy was better than ± 0.30F over the ambient temperature range of

-50°F to +150°F. System response time for 90 percent of a step temperature

rhange was 40 seconds. This slow response was selected to provide a smoothed

recording of temperature difference so that mean values over the periods of

interest could be interpolated directly from the chart record.

In addition to the meteorological instrumentation on the profile tower, three

wind sets were positioned on the diffusion grid. These sets were basically

Belfort Type C wind sets which were modified by Control Equipment Corporation

to provide greater reliability of operation. The sets are battery powered and

record on Esterline-Angus 20-pen operations recorders (see Figure 2). Their

use in Project Sand Storm was primarily to determine if there were systematic

differences between low-level winds recorded at the profile tower and those

observed on the sampling grid. No differences were found. 14
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Figure 2. A Modified Belfort Type C Wind Set Consisting of Lightweight
Vane and Three-Cup Anemometer and an Esterline-Angus 20-Pin Opera-
tions Recorder. The sets are battery powered and were used in remote
locations of the test site

i
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V. The Tracer Assessment Technique

EiMr J. Enwal
Air Force Rocket Propsion Laboratory

1. GENERAL

Prior to beginning the diffusion expe !-iments, ieveral methods of beryllium

assessment (Smythe and Whittem, 1961) were evatuated to determine which was

best suited for the routine assay of tracer samples to be collected during the

experiments. It was predetermined that the tracfer material would be collected

on molecular membrane filters that showed nc trace of beryllium. It was under-

stood that the samples would be highly contaminated; therefore, the chemical

analysis should be specific for beryllium. Operational considerations dictated that

the procedure be capable of handling about 400 samples per week on a continuing

basis. Additional requirements were:

a. The detection threshold should be no greater than 0. 001 ug of Be

and the assay procedure adaptable to as much as 500 Ig of Be on

the sample.

b. The root-mean-square error should be not greater than 5 percent on sam-

ples of 1. 0 ug or more, and no greater than 10 percent on samples of 0.05

to 1.0 sig Be.

Spectrophotometric and colorimetric techniques were quickly eliminated from
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further consideration because of their inadequate nsitivity and precision. A neu-

tron activation technique that was tested had the same deficiencies, but not to the

same extent; it would have been useful as a scanning device, had there not been

technical difficulties that were corrected too late for the technique to be of value in

the Sand Storm experiments. Emission spectrographic methods were not consid-

ered feasible because they proved to be too time-consuming for the highly contami-

nated samples.

The morin-fluorometric method (Sill et al, 1961), although a lengthy procedure

requiring considerable skill and care, was modified and adapted to provide the

required sensitivity and production volume while approaching the stated precision

requirements. When tested on samples centaining known amounts of beryllium,

the modified morin-fluorometric method achieved the precision shown in Table 1.

Table 1. Precision of Morin-Fluorometric Method of Beryllium Determination

Be on Number of
Filter Samples

(Ug) (pg) (%)
0.1 23 .0139 13.9

0.5 23 .0224 11.2

1.0 24 .0851 8.5

5.0 21 .3351 6.7

10.0 25 .5852 5.9

20.0 22 1.414 7.1

80.0 21 5.083 6.4

The fluorometric determination of beryllium using morin as a reagent has

been reported in great detail elsewhere (Sill et al, 1961). Therefore, only the

briefest description is given here, followed by notes on the instrumentation and

procedures used for Project Sand Storm assays.

Beryllium reacts with morin (2', 4', 3, 5, 7 pentohydroxy flavoie) in an alka-

line solution to produce a compound that fluoresces when energized by ultraviolet

radiation. Interferent es from fluorescent compounds of other metals, such as

lithium, scandium, zinc, calcium, and others, are eliminated by addition of a com-

plexing agent (EDTA), making the morin reaction nearly specific for beryllium.

A second interference is produced by elements such as copper, silver, and manga-

nese which oxidize morin and destroy tie fluorescence. This is eliminated by sep-

arating inboluble beryllium hydroxide from the soluble oxidizers before morin is
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added. Silica is excluded as an interference by precipitation and filtration.

Particular attention was directed to factors affecting the rjre'ciion of measure-

ments. The temperature of the fluorescing compound was controlled to ± 0. 1°C to
4

lessen the effect of changes in temperature on the intensity of fluorescence. A

buffer system was employed to stabilize alkalinity which also affects the intensity

of fluorescence. Other procedures were adopted so that the assay technique

would be consistently reliable and more efficient when applied to a large number

of samples. Still other procedures were, adopted to allow the technique to be

applied by personnel with varying degrees of skill in laboratory methods.

A special laboratory with all the equipment necessary for beryllium assays

was set aside in AFRPL's Laboratory Services Division and was staffed with four

technicians. After a few weeks the laboratory could handle some 80 to 100 samples

daily. Its operations were continuously monitored during the entire course of the

diffusion program. Every reasonable precaution was taken to prevent contamina-

tion of glassware. Instrument calibrations were frequently checked. Reagent

solutions were meticulously prepared with best grade chemicals. In short, every

effort was made to insure that lAhoratory standards were maintained at a peak

level.

2. OUTLINE OF THE ASSAY PHi(:F.IIEF.

This section is devoted to a desc'riptive outline of the Inboratory procedure

used for determining the amount of beryllium in Sand Storm tracer samples.

Instrumentation, reagents, and laboratory methods differ somewhat from any

previously reported work on beryllium determinations, but the procedure closely

parallels the morin-fluorometric method reported by Sill et al (1961).

2.1 Inau entetaon

A Turner fluorometer Model No. III with General Electric mercury lamp

No. F4T4/BL was used. The major emission was at 360 rnW. Filters used in the

fluorometer were Wratten (2 in. x 2 in.) numbers 2A, 41B, 2A-12, 58, 1-60, and

2 ND. The cuvettes were 12 x 75 mm round pyrex tubes.

2.2 RaeWept

Phenol Red. Dilute 0. 1 g of the sodium salt of phenolsulphothalein, certified

A. C. S. grade, to 250 n.l with distilled water.

L9
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Morin Solution, 0. 008 percent. Dissolve 8 mg of morin (purchasable from

L. Light Co., Ltd., Pyle Estate, Colabrook Near Slugh Bucks, England; imported

by Leonard Elion, Ph. D., 2 Concord Avenue, Larchmont, New York) in 260 r.,l of

absolute ethyl alcohol. Dilute to 1000 ml with distilled water. Mix. Store in

actinic bottle.

Ammonium Chloride Solution, 25 percent. Add 250 g of A. R. grade ammo-

nium chloride to 750 ml of distilled water.

EDTA and TEA Solution. Place 5 g of A. R. grade (ethylene dinitrilo) tetra

acetic acid, disodium salt, and 2 g of refined 2, 2' 2" nitrilo triethanol in 100-ml

volumetric flask and dilute to volume with distilled water.

Buffer Solution. 156 g of A. R. grade sodium hydroxide, 63 g A. R. grade

citric acid, and 37 g A. R. grade boric acid. Make up to 2 liters with distilled

water.

Aluminum Nitrate Solution, 0.05 M. Dissolve 37.5 g of Al (NO 3 )3 • 9H 2 0 A.R.

grade in 200 ml of distilled water and make up to 2000 ml.

Beryllium Sulfate Solution, I g.g Be/ml. Dissolve 0.9820 g BeSO . 4H 20,

purified, Fisher Scientific Co., in 10 ml of concentrated sulfuric acid. Heat if

necessary. Cool. Transfer solution to 1000-nml volumetric flask containing 200

ml of distilled water. Dilute to volume. Mix. Take 10 ml of this solution and

dilute to 500 ml, using 0. 1 N stilfuric acid as diluent.

Beryllium Sulfate Solution, 0. 1 g Be/ml. Pipette 10 ml of 1 tg Be/ml into

a 100-ml volumetric flask. Dilute to volume with 0. 1 N sulfuric acid.

2.3 Procedure

Place filter in 125-mi narrow-neck Erlenineyer flask. (Use hood.) Wet filter

paper with I ml of concentrated sulfuric acid. Heat filter until it chars. Cool.

Add 10 ml of concentrated nitric acid. Place flask on hot plate that is hot enough

to vaporize the sulfuric acid. Heat to dense fumes. Cool. If solution is a yellow

to brown color, add 10 ml more of concentrated nitric acid. Add a small amount

of potassium perchlorate (0. 2 to 0. 4 g). Heat until solution becomes colorless and

volume of solution is approximately I ml. Cool. Dilute solution with 10 ml of

water. Filter solution throuOh No. 40 Whatman paper into a 100-ml volumetric

flask. Dilute to volume and mix.
Pipette a suitable aliquot (not over 10 ml) into a 15-ml centrifuge tube. Add

1 ml of 25 percent ammonium chloride solution, I ml of 0. 05 M aluminum nitrate

solution, and two drops of phenol red indicator. Mix. Neutralize solution with 1:3

ammonium hydroxide solution to red color. Dilute to 10 ml and mix. Centrifuge at

1200 A gravity for 15 minutes, or sufficient time and speed, to compact beryllium

and aluminum hydroxides at bottom of centrifuge tube. Discard filtrate. Add two

9i

I.
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drops of phenol red solution to the centrifuge tube. Acidify contents of centrifuge

tubc with 0. 05 N sulfuric acid. A.id 0. 5 N sulfuric acid. Add 0. 5 ml of E;DTA -nd

TEA solution. Neutralize with buffhr solution. Add 2 ml more of buffer solution

and mix. Centrifuge at 1200 x g.avity for 5 minutes. If a precipitate is presen.,

decant the solution to clean centrifuge tube. Place tube in water beth maintained at

25 1 0. 1 0 C. When sample temperature is 25 0 C, add I ml of morin EAlution. Mix

anu transfer solution to a cuvette and place ca.vette in ruor,,meter. Set the fluoro-

meter slit opening, and place suitable filters in primary and seconaary position, as

called for in curves No. 1, 2, or 3, to obtain readings on fluorometer previously

zeroed against a reagent blank. The reagent blank is prepared the same way as

the sample. Obtain the beryllium cont•!nt from standardization curves.

2.4 Standardization

Three calibration curves are prepared.

Curve No. 1 for 0 to 0. 08 mg Be

Place millipore filters in fourteen 100-ml narrow-mouthed Erlenmeyer flasks.

With a microburet, transfer volumes of 0. 1 Mg Be/ml solution to the flasks to give

the following concentrations: 0, 0. 005, 0. 01, 0. 02, 0. 03, 0. 05, and 0. 07 ug Be.

Treat these standards in the same way as the samples. Set slit at 3 X. Place

filters 2A and 47B in the primary position, and filters 58 and 2A-12 in the second-

ary position. Adjust fluorometer to zero on 0 ug Be sample. Obtain fluorometer

readings on each standard. Plot straight-line curve of amount of Be versus

fluorometer readings.

Curve No. 2 for 0 to 0. 7 pg Be

Place millipore filters in fourteen 100-ml narrow-mouthed Erlenmeyer flasks.

Transfer to the flasks,by means of a microburet, volumes of 0. 10 mg Be/ml solu-

tion to give the following concentrations: 0, 0. 05, 0. 1, 0. 2, 0. 3, 0. 5, and 0. 7 Mg

Be. Treat these standards in the same way as the samples. Set slit at I X. Place

filters 2A and 47B in the primary position and filters 2A-12, 58, and 1-60 in the

secondary position. Adjust fluorometer to zero on the 0. 0 sg Be sample. Obtain

fluorometer readings on standards. Set up a straight-line curve based on amount

of Be versus fluorometer readings.

Curve No. 3 for 0.7 to 5Mg Be

This curve is prepared in the same manner as curves I and 2, except that it

is non-linear. The slit is set at 10 X. The primary filters are 2A and 17B, ard

the secondary filters are 58 and 2ND. The curve is used to obtain an approximate

beryllium concentration in samples containing large amounts of beryllium, so that

an appropriate dilution factor can be made for subsequent assays using curve 2.

A
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VI. Meteorological Data Reduction and
Processing

Robert L Nobgi Clayton EL GiAAm
and Wsam L. Mayer

Air Force Rocket Propuhon Laboratory

Personnel of the Air Force Rocket Propulsion Laboratory reduced and

proct sed the wind data obtained from the Sand Storm profile tower. Wind
azimuth-angle measurements made at four tower levels and wind elevation-angle

measuremernts made at two levels were recorded on strip charts at a chart speed

of 6 inches per minute for 40-minute periods during each experiment. These
analog rec-rds were reduced t! 1 -second digital values using a Benson-Lehner

"Oscar J" chart reader that re-recorded the informatior, on punched cards. Each
40-minute record was reduced to digital form but, in general, only the first 10
minutes of each record was processed in the cemputer routines. Occasionally,
however, more .hsn 10 minutes of record was required to adequately Jefine the

spectral curve. In these cases the entire 40-minute record was processed.
Two 3eparate computer routines were used to process thz digitized wind data.

Althaugh one expanded program could have provided the desired information, it
was more economical to use two independent programs, each desi ned to satisfy

n specific roquireinene.

The first and by far the simpler of the two programs, the one who.je results

were used to estimate the s-ape of the spectral curve, provided calculations of the
amount of energy contained in various regions of !he low-f-equency end of !he

one-dimensional turbulent energy spectrum. Elimin. ion of the energy contributed

ii
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by high-frequency (small) eddies was achieved by averaging data points continu-

ously ovzr overlapping intervals of length s before computing the variance of wind

fluctuations. This is equivalent (in electrical terms) to low-pass filtering. The

shape and efficiency of this filter and its application in turbulent diffusion analyses

are discussed by Smith (1962) and Pasquill (1962).

The irput data for the low-pass filter program were the 1-second digitized

values of wind data:

Ar; r=1,2,3,-.., n.

For each smoothing intervai, s, of the group:

m = 1,2, 3,.-, 10.

A set of averaged data points was found from:

s+i-1
6ks)i = sI • Aj- i =- 1, 2, 3,'.,

S L s
j=i

where the number of averaged data points in the record cf length n is:

n s =n-s+ 1.

The variances are:

n -n 2

2- L s~ - s Asia 2 (ýS) = i l

s

The second computer program was used to determine the amount of energy

contained in various bands of the turbulent energy spectra. The high- frequency
energy was -Jiminated in exactly the sarne way as in the case of low-pass filtering;
that is, tte record was smoothed by averaging data points. Low-frequency energy
was eliminated by limiting the interval over which the variances were computed.
In practice this was accomplished b. sampling the smoothed record over overlap-
ping intervals of length T corresponding to a frequency below which energy is to

be excluded. Thý, variance was rýozrputed for each sampling interval, T, in theS.. a "i~ ~ m~oI m • .... im•lN NI[ u I • '.
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period of record, and these variances were averaged. The average was taken as

a measure of the energy contributed by periods greater than 2, 25 T and less than

2.25 times s (Pasquill, 1962).

As in the previous example, the input data were I-second samples taken over

the period of record:

Ar; r=1,2,3. . n.

The smoothing intervals were:

s = 2m- m = 1,2,3,4,5,

and the sampling intervals:

T = 2 m÷3; m= 1, 2,3,4,5,6

The sets of averaged data points for the various combinations of T and s are:

s+i-1 for k = 1, 2,3,..., nT

(As) ' A;
T, s k,i s !s _

j=i and i = k, k+1, k+2, -.. , T-s+k,

where the number of sampling intervals, T, in the period of record is:

nT = n-T+1.

This process results in n (= T-s+ 1) values of (-.T, ) in an interval of
r '

length T. The variances of the (AT, s ) values are:

T-s+k 1 I-T-sk -2

2 (AT, sk, i nr )k, i
a2(AT s) - i=kn i4
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Averaging the nT variances over the entire record:

Ss+k

nT(T, .)k, i n( A ) k, i
a1 "-- {i L I ]k=k

T, Mk= r

The 29 nontrivial values of a-(AT, s ) for the combinations of s 1. 2, 4, 8, 16
and T = 16, 32, 64, 128, 256, 512 represent the intensity of turbulence in various

portions of the one-dimensional energy spectrum. These .alues are shown in
Appendix C for azirmuth data taken at four levels during each of the Sand Storm

experiments. Because of incomplete data and instrument difficulties experienced

with the bivanes, simnilar computations for elevation angles are not included.

6~
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3
VII. An Operations-Oriented Analysis

John H. Taylor, Ut. Coo
Air Force Cambridge Rmrch Laboratoris

1. IRMODUCrION

The objective of this chapter is to present an analysis that was directed

toward obtaining an operationally useful solution for the specific problem facing

AFRPL test range officials -namely, the ability to estimate the toxicological

hazard associated with open-air firings of small, solid propellant rocket motors

whose exhaust products are highly toxic. Except for the specific problem at hand,

no attempt was made to evaluate theoretical works or to advance the knowledge of

diffusion from instantaneous sources; such investigations are left for further

analyses where the Sand Storm data may prove useful.

Before beginning the discussion of the analysis, it might be well to define,

at least in an intuitive sense, what we mean by diffusion since it can be viewed in

several ways. For example, a diffusing puff embedded in an air current is subject

to the variations in speed and direction of the current and will be observed to take

a me-.ndering, undulating trajectory if viewed from a fixed frame of reference.

If viewei from a reference point moving with the cloud, only the growth and

dilution of the puff will be observed. When one thinks of diffusion it it ordinarily

only the latter process that is considered, and theoretical and experimental work

has been limited largely to this concept of diffusion. It. is obvious, however, that

PP
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inhalation-level dosages are to some degree influenced by both the rate of growth

of the puff and the height of its center of mass relative to the plane in which dosage

observations are made. In the case of a plume, time-averaging virtually

eliminates the effect of instantaneous displacements of the plume above or below

the time-mean axis. This obviously is not so for a puff. Irregularities in the

downwind distribution of dosages are to be expected. However, prior to the

Sand Storm experiments it was not known to what extent those influences would

be exhibited. If the irregularities caused by variations in the height of the puff

above the sampling grid were small compared with tracer dilution rates, an

estimating equation could be developed in a form suggested by traditional

theoretical work. If they were not, some other approach would have to be taken.

It will be shown in the following discussion that downwind distributions were

quite Irregular and that the influence of the irregularities was sufficiently strong

to severely limit the ability of measurable meteorological parameters to explain

the variance of dilution rates observed near the surface. This precluded the

development of an operationally useful estimating equation relating downwind

dosages to meteorological parameters. In the final analysis, inhalation-level

dosages are related by means of probability statements to distances from the

source.

2. GENERAL CONSIDERATIONS

The concentration of a pollutant cloud with Gaussian distribution released as

an instantaneous point source was shown by Pasquill (1962) to be:

2 
y2 

z

(xN.y, z' t) =Q ep [12( + _ +
(.|r3iC~~r(7'•exp [l/2(..

xyx ay

where:

X a the concentration at time t found at distance x in the direction of
travel, at lateral distance y and vertical distance z, relative to
the center of the puff,

Q - the amount of pollutant released, and

ax. a y and a * the standard deviations of the material about the mean.
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If the material is transported with a speed U = -, the dosage, E X dt,

can be shown to be: Jo

E = • y 7 • exp 1/2 +÷

Y y az

and at a given doinwind distance the ground-level point passed by the center of

the puff receives a dosage:

Ep= (1)1*0 O U

y z

From theoretical considerations of turbulent flow, which incorporate several

assumptions that are only approximated in the real atmosphere. Smith and Hay(1961)

show that for a puff:

a 0C a (0)X

and

2
Saz 0• (a)X

where o2 (0) and a2 (0) are the variances of the azimuth and inclination angles,

respectively, of wind fluctuations and X is the distance from the source.

Equation (1) then becomes:

E p k

'-, a 2 O) 2(0) x2 2 (2)

where k is a constant of proportionality.

The equation suggesta that with a knowledge of the variance of wiL. direction

fluctuatione and of the mean wind speed we could predict the peak dosage,

normalized for source strength, as a function of downwind distance. One of the

first problems that arises is selecting the values for a2 (0) and a2 W. inasmuch

as it is possible to obtain any number of values of variance from a single wind

.'Vi
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record simply by changing the range of frequencies over which the variances

are computed.

Consider the puff that grows in size under the influence of turbulent diffusion.

As the puff grows, larger eddies become more and more effective in distributing

the material, while smaller eddies become less important. Therefore, for a

given cloud size there exists a range of eddy sizes which is important in diffusing

the cloud. Eddies much larger merely move the cloud in an irregular trajectory

(horizontal and vertical) as it travels downwind; eddies much smaller ineffectively

nibble at the edges of the cloud. However, for an initially small cloud that even-

tually grows large, all eddies up to those cumparable in size to the dimensions

of the large cloud play a role in distributing the material. Therefore, it is to be

expected that th'ý range of eddy sizes effective in diffusing initially small puffs

extends over the high-frequency end of the energy spectrum. The problem is to

determine which portion of the turbulent energy spectrum it is that contains the

productive eddies. To do so in a deterministic manner is virtually impossible

when it is remembered that wind observations taken at a point fixed in spat.e do
not adequately define the energy spectrum as observed from a frame of reference

traveling with the cloud, the one which is the more relevant in the diffusion of

puffs. The shapes of the spectra may be similar, but there is a relative dis-

placement of the spectrum observed from the fixed point toward higher

frequencies. The magnitude of this displacement has for some time been a

matter of conjecture. Indeed, whether it is a constant or a function of meteoro-

logical parameters has not b,.'en settled. In this analysis we shall not attempt

an investigation of those problems. Rather, we shall content ourselves with

determining, empirically, the range of eddy sizes (frequencies) which is effective

in diffusing puffs of the size and character under consideration.

By appi'ng various smoothing intervals, s, to serially recordeu' winul data

(that is, averaging the recorded values over time intervals of length s) before

computing the variance of wind direction fluctuations, the energy contributed

by high-frequency (small) eddies can be eliminated. This is commonly re-

ferred to as low-pass filtering. By limiting the period of record over which

the variance 's taken, the energy contributed by low-frequency (large) eddies

can be elimnated. In practice the period of record is not necessarily restricted,

but a number of variances are computed, each for a sampling interval of length

T. The average of these variances taken over the entire period of record is

given as a measure of the energy in the high-frequency end of the spectrum.

This is in effect high-pass filtering. Both filters can be applied in computing

the variance, thus obtaining the energy within a band of frequencies. The

tpchnique used in applying the filters to the Sand Storm wind data is descrined

I!
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in Chapter VI.

Assuming that the material within the cloud is distributed normally, the

standard deviation of the material observed at inhalation-level is the same as

would be observed at any other height. Therefore, for a puff whose center may

rise and fall as it is carried downwind, thus causing irregularities in the down-

wind distribution of ground-level dosages, the most coherent measure of the

puff's growth is not the rate of change of magnitude of observed dosages but the

change of lateral distributions.

Smith and Hay (1961) hypothesized that the growth rate, Aa lyAX, of the

initially small puff is approximately constaant and proportional to the energy

contained in the high-frequency end of the turbulent-energy spectrum. This

raises several questions. Is the puff generated by firing a rocket motor "initially

small"'? What is the appropriate portion of the turbulent-energy spectrum?

For purposes of this investigation, "initially small" means that the initial

dimensions of the puff are small when compared with eddies containing significant

amounts of energy. By convention (Smith and Hay, 1961) we will define a small

puff as one whose initial standard deviation, ayo, is less than one-tenth the

length-scale of turbulence as estimated by the formula (Pasquill, 1962):

1 (0) 41i
max

where J (0) = length-scale based on wind-azimuth fluctuations,

u = mean wind speed.

and n max the frequency at which nG(n) is maximum
on the curve of 2nG(n) vc,-sus log n. C; 2(0) = nG(n) d log n.

fo

Figure 1 shows plots of nG(n) vs. log n for wind-azimuth fluctuations at three

heights taken during a 20-minute wind run during Experiment No. 14. Here n max

occurs at about 5 x 10-3 cycles per second at all levels. The 12-foot mean-wind

speed was 5. 3 meters per second, giving a length-scale of 84. 8 meters.

Examination of a values at 100 meters from the source and phototheodolite data

correlated with motor size provided an estimate of ayo, the initial standard

deviation of the cloud. For Experiment No. 14, ayO was estimated to be 4.6

meters. By definition the cloud is initially sm-,
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Figure 1. One-Dimensional Turbulent Energy Snecr'irn Com0.puted orTre qfvl

of Wind-Azimuth Observations Taken IRuring 'Experiment NC 14 (mput.Ations wert"
based on 20 minutes of data reduced to 1-second readin~gs

The length-scale for e.ch experiment wai ompared with esti-mate-s

ryo. It was found that with one exception (Experilpej., Nc'. 13ý the test--

produced "'initially small" clouds.

To determine which measure of tne tur',uieiit energy', ý7 2 00T s. *was best

correlated with the rate of growth of the trm er cloud, .Aa VAX , correlation

coefficients between the two were computed. For each experiment, 87 values of

a 2 1)T (T *16, 32, 64, 128. 256. xl 2 seconds and s - , 2, 4. 8, ii6

seconds) were computed, using the azimuth data recorded by the Beck man -Whitley

wind sets. Not all of the measurements r~f (T y could be cur.bidered valid for

various reasons, the chief one being t~.an insuffic'ient nuimber- t.: sarrple; Aas

exposed to significant amounts of tracer material. A subs~tantial number ,

measurements were eliminated, even when the criterion for select,,on A-1;_ relaxed

to the point that: (M an acceptable distribution be def-ned by 3 samples hjvu~qg

0. 5 microgram or more o)f the tracer, and (2) the peak be at leaist I1e tim1es ýs

t iI-
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great. After eliminating unreliable measurements, bases on these criteria, there

were 32 experiments for which Aa /AX could be ýomputed for the distance interval
y

200 to 400 meters, 24 experinier_,. for the interval 200 to 1200 meters, 14 experi-

ments for the 200- to 2400-metei interval, and 14 for the 1200- to 2400-meter interval.

The matrices of coi 'elation coefficients obtained by comparing four measure-

ments of Aa /AX with 87 measurement of a2 (0)T, s per ext rimEnt are shown in

Table 1. There are four ob,_ýrvation6 which immediat, ly suggest themselves. FirEt,

the 12-foot wind record provides the best correlations. Second, there is little, if

any, advantage gained by smoothing the wind record. This is in accord with the

intuitively drawn conclusion that for initi fly small clouds all eddies in the high-

frequency end of the spectrum are effective in the distribution of the material. Third,

examining only the 12-foot level, there is a trend for the maximum value of the cor-

rlation coefficient to occur at greater sampling intervals, T, as the travel distance

!an,. cloud-size) is extended. This is shown graphically in Figure 2, and is in acc, -rd

with our intuitive reasoning that larger eddies begin more and more to exert their

influence as Lhe cloud grows in size. Fourth, it appears that over tht range of travel

distances in- olvsd there would be but little error introduced if T were selected as

128 sc,'onds and s as 1 second.

One -more ccnmment needs to be made about the values of the correlation

coefficients in Table 1. Examining only the 12-foot-level correlation coefficients,

one notes for s = 1 that the highest value ft:r the distance increment 200 to 400 meters

is 0. 89; for the increment 200 to 1200 meters it is 0. 90; for 200 to 2400 meters it is

0.84; and for 1200 to 2400 meters it is 0. 87. None of these values is significantly

different, statistically, from a true corre'lation coefficient of, say, 0. 87. Therefore,

it is probably not valid ,o conclude that the correlation decreases with increasing

distance.

It was not possible to make a comparison of a /AX with measured values

of (7 WT, s since no measurements of the vertical distribution of the tracer were

made. However, since all the experiments were conducted und- r thermally unstable

conditions, it is reasonable to suppose that the vertical rate of g. owth was positively

correlated with the lateral rate of growth. It should then be possible to use meas-

ured values of ao (9) and 5 to develop an estimating equation similar to Eq. (1) for

obtaining expected values of E p/Q.
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Figure 2. Correlation Coefficients Between Rate of Cloud Growth and the Intensity
of Turbulence for Various Travel Distances as a Function of the Sampling Interval.
The rates of growth, Au /AX, are for travel distances 200 to 400 meters, 200 to
1200 meters, 200 to 2400 Yneters, and 1200 to 2400 meters. N is the number of ex-
perime-nts for which the correlation coefficients could be computed
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3. REGRESSION ANALYSIS

A multiple-regression analysis was carried out using an estimating

equation of the form:

EC
=a xb[a 2 (0)128,1 ud (3)

Q

E
where = the peak dosage normalized for source strength,

X = distance from the source,

2

a2 (0)128, 1 = variance of wind direction fluctuations with 1-second
smoothing interval and 128-second sampling interval,

u = mean wind speed, and

a, b, c, and d are the coefficients of the estimating equation.

This form is suggested by Eq (2) but allows for empirical determination uf the

estimating equation coefficients, a desirable feature since many simplifying

assumptions implicit in Eq (2) are not met in this series of experiments.

The equation is designed to estimate the downwind distribution of E p/Q in

that region which is not influenced to a significant degree by the effective height of

the source, that is, in a region that is distant enough from the source so that the

inhalption-level dosages resulting from the elevated source are substantially the

same as would be observed from a ground-level source. Examination of down-

wind distributions of E for individual experiments indi'.ated that this region on

occasion did not include measurements taken within 300 meters of the source.

Therefore, the regression analysis was performed on data collected on the five

arcs from 400 meters to 2400 meters from the source. Data for the 38 experi-

ments for which we have reliable measuremeni,2 of E at all 5 travel distancesP
are included. The regression analysis yielded:

p -2 91X- 159[2 - -. 2'0
•-k = 2.91X [ (0-128, lJ " (4)Q
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E
where -- u peak dosage normalized for source strength in units of

seconds per cubic meter, '

X downwind distance in meters,

a2 a(0)128, 1 - variance of wind-direction fluctuations (with smoothing intervals

of 1 second and sampling inter a4 of 128 seconds) in units of
degrees squared, and

u = mean wind speed in units of meters per second.

The analysis also sniows that there is very little reduction of variance

contributed by 'd. 'Ihis is not surprising since it was noted that: (1) u is not

well correlated with E /Q, and (2) there is a high correlation between u and
2 p

a (6). (See Table 2.) Nothing is lost in the way of prediction accuracy when

is eliminated from the equation. It then becomes:

1.25 X 1.59 a2 (0) 1] (5)

Q

where the variables and units are the same as in Eq (4).

Table 2. Correlation Coefficients Between the Logarithms of
Variables in Equations (4), (5), and (6)

log X log a 2 (0)1 2 8 , 1  log u

EP -0.67 -0.21 0.14
logQ Q

log a 2 (0)128, 1 -0.80

Again, Table 2 shows that a 2(0) is not well correlated with E p/Q. The precision

gained by its inclusion in the estimating equation is insignificant. When it is

eliminated, the equation becomes:

E .180X-1. 5 9
(6)
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It can be seen from Table 3, which shows several measures of the accuracy

of estimate of Eqs. (4), (5), and (6), that there is really nothing to be gained by the

inclusion of the meteorological parameters. The multiple correlation coefficients

between logarithms of the observed values of the dependent and independent vari-

ables are shown in the second column of Table 3. They are shown here for the reader

who is accoustomed to using them as a measure of the precision of an estimating

equation. However, the multiple correlation coefficient is not as meaningful a

measure as those shown in the remaining columns, because we wish to know the

accuracy of estimate of E /Q, not the logarithm of E /Q. The third column shows
p0 p

the reduction of variance achieved by regression equations containing the various

combinations of independent variables. It can be seen that the reduction of variance,

while statistically significant, is not high, and that little improvement is realized by

Table 3. Efficiency of Equations (4), (5), and (6)

1 Percent Percent
Multiple correlation reduction reduction

coefficient for log Percent within a within a
Independent variables E estimated factor of 2 factor of 4

Ie d vrlof variance of observed of observed

and log of independent E E__P -p
variables Q Q

X .67 24 45 83

X and a 2 (0) 1 2 8 , 1 .70 31 54 82

X, a2(0)128,1 .70 31 53 81

and ii

*Percent reduction of variance =100 fi -[ g 12 t
Q/

the introduction of meteorological parameters. Here again, this standard

measure of the accuracy of the estimating equation has a serious deficiency when

applied to data such as these which extend over several orders of magnitude. It

tends to weight too heavily the larger values, in this case Ep /Q values measured

qp
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close to the source, at the expense of the lower values, or those at the most

distant arcs. Another "yardstick" for measuring the accuracy of the prediction

equations is the percentage of estimated values which are within a given range of

the observed values. In this particular case we have chosen factors of 2 and

4 for two different ranges. The fourth column of Table 3 shows that a slight, but

not statistically significant, gain is shown by the inclusion of a 2(0), when the

percentage within a factor of 2 iF used as the measure of prediction accuracy.

No improvement in accuracy is shown when the factor of 4 is the measurement

criterion.

It is not particularly surprising that the accuracy of the estimating equation

is so low, even when tested on dependent data. The reason is that the behavior

of a diffusing puff is very erratic, subject to low-frequency lifting and descending

motions. A close examination of a few of the experiments will illustrate the

erratic behavior and will show the futility of attempting to develop concise,

accurate, quantitative statements of inhalation-level dosages resulting from

diffusing puffs of the character under consideration here.

Figure 3 shows, for three experiments, the downwind distribution of peak

dosages normalized for source strength. Each experiment was conducted under

thermally unstable and relatively strong wind conditions, yet the downwind dis-

tributions are decidedly different. There is nothing in the meteorological statisti-s

of the three to suggest that one should be any different from the other. Yet we see

in one case, Experiment 23, a much greater decrease of dosage than would be

expected after the puff has traversed about 1/3 the length of the sampling grid.

In another, Experiment 31, the observed dilution rate is much less than would

be expected. In Experiment 19 the dosages actually increase with distance over

the outer half of the grid. The normalized arcwise integrated dosages shown in

Figure 4 for the same experiments have similar downwind distributions. It is not

likely that any prediction scheme based on measured meteorological parameters

will -. rer be able to explain these anomalies. Unless they are adequately defined

by meteorological measurements, there is little chance that inhalation-level

dosages, observed under conditions prevailing for the Sand Storm experiments,

can be predicted except on a statistical basis with but little reduction of variance

gained through the use of meteorological measurements.

i?

4
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Figure 3. Downwind Distribution of Peak Dosages Normalized for Source Strength for
Three Sand Storm Experiments Conducted Under Similar Meteorological Conditions

It should be reca!led that all the Sand Storm experiments were conducted

under thermally unstable conditions, which tends to limit the range of meteoro-

logical parameters. This is perhaps a partial explanation of the low correlaLions

between the meteorological parameters and E p/Q. Had tests also been conducted

at night when thermally stable conditions prevailed, a greater range of meteoro-

logical parameters would have been observed. Correlations with E p/Q most likely

would have been greater, yielding a greater reduction of variance. Even then it is

doubtful that operational applications of estimating equations could be made without

resorting to some form of probability statement.

V
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Figure 4. Downwind Distributions of Arcwise Integrated Dosages
Normalized for Source Strength for Three Sand Storm Experiments
Conducted Under Similar Meteorological Conditions

4. PROBABILITY ANALYSIS

Since most of the explained variance has been shown to be a function of

distance from the source, we will develop a scheme for relating peak downwind

exposures to travel distance as a function of probability of occurrence. No

meteorological measurements are required, except to establish that thermally

unstable conditions prevail over the region that the cloud is to travel and that a

mnean wind speed of at least 6 knots exists over the area (the general conditions

prevailing during Sand Storm experiments).

Figure 5 shows a plot of E /Q vs. downwind distance for the 38 experiments
p

for which we had reliable measurements of the peak dosage at all 5 of the outer-

most arcs. (See exception noted in Figu-e 5.) The E p/Q values extend over about

pi
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Figure 5. Normalized Peak Dosages Plotted at a Function of Distance
for 38 Sand Storm Experiments. The lowest three values ot the 2400-
meter arc have been omitted. Those were for Experiment Nos. 18, 34,
and 49 in which the amoun of tracer collected was so low ( < 0. 5
microgram) that an accurate assay was not possible. The curves,
P = .50, P = .75, P = .90, and P = .95, represent the probabilities
(0. 50, 0.75, 0. 90, and 0. 95, respectively) of not exceeding the indi-
cated values

2 orders of magnitude at each travel distance. At each travel distance they appear

to have a distribution not unlike the Gaussian when only the upper 70 percent of E /Q
values are examined. Figure 6 shows, for the 800-meter arc, a plot on proba-

bility paper of Ep iQ values vs. the cumulative percentage of occurrence. The more

closely the points are collinear the more closely the distribution approaches the

Gaussian form. Fitting a straight line to the points yields a mean and a standard

deviation for the Gaussian distribution approximated by the points. This was done

by the method of least squares for all E p/Q values exceeding the 30th percentile at

each of the five travel distances. Regression analysis was then useŽd to relate the

computed mean and standard :leviation to distance from the source, thus allowing

the computation of regression lines relating E /Q to downwind distances for variousp
probabilities of occurrence.

The regression line representing the 50th percentile was found to be:

) -116X -'150 (7)-Q 50
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Figure 6. Distribution of Measured Values of Ep/Q
at a Distance of 800 Meters from the Source

per cubic meter (Gaussian distribution assumed),

and X =the distance from the source in units of meters.

The standard deviation of the distribution of E p/Q values, also a function of down-

wind travel distance, was found to be:

E - - 1.- 34 ~ -

1- -62 X -.

where a Figur te 6.Dstadrib dvition of M Easred Values of t thi mean

in units of seconds per cubic meter,

and X t distance from the source in meters.
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The curves in Figure 5 represent the 0. 50, 0.75, 0. 90, and 0.95 probability

levels. Thig, of course, is no more than a quantitative description of the distri-

bution of normalized peak dosages for the ensemble of Sand Storm diffusiun

experiments. However, it provides a simple procedure for evaluating the potential

hazard associated with firing rocket motors of the type under consideration during

thermally unstable atmospher ic conditions.
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Appendix A

Dosage and Source Data

This appendix consists of three tables. Table Al presents normalized dosage

data for all valid Sand Storm expcrimcnts and a limited amount of meteorological

data. Table A2 contains explanatory notes supplementing information shown in

Table Al. Table A3 presents information concerning the tracer source.

In the heading of each tabulation in Table Al, U-BAR is the wind speed taken

at 12 feet on the profile tower and averaged over a 10-minute period beginning

3 minutes before motor firing. DELTA T [ 1], DELTA T [ 2], and DELTA T [ 3]

are the temperature differences between 6 feet and 50, 100, and 200 feet respectively.

A negative value indicates a temperature decrease with height, thus an "unstable"

condition. Also given in the headings are arc numbers and the distance in meters

of the arc from the source. Azimuths are degrees (true) from the source point.

Values shown in the body of the tabulations are dosage values normalized for source

strength (sometimes referred to as normalized exposures) in units of 10-6 seconds

per cubic meter. These values are derived by dividing the amount of tracer material

collected at each sampling position by the aspiration rate of the sampling unit and by

the amount of tracer released. Starred values indicate that there is some doubt as to

the exact value shown, and a brief note explaining the circumstances of each starred

dosage value is given in Table A2. At th.i. foot of each tabulation in Table Al the

arcwise standard deviation is shown in degrees (SIGMA DEG:) arnd in meters (SIGMA M:)

for all arcs with at least five significant measurements (that is, with five dosage
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measurements equal to or greater than 0 5)Pg Be) and a peak value of at least
5 pg Be. For Ac 10 the peak dosage requirement was relaxed to 2. 5pg Be.

Table A3 give information cn motor size and firing duration. The times

shown are for ballistic burn time which does not include a fraction of a second

at the beginning and end of the firing sequence.

It

€.



A 3

Table Al. Normalized Dosage Data

IJURMALIZEU UOSAGES
SAND STURM NO. 02 U-BAR: 10.33 ;IETERS/SEC
DATE 27 iiAR 1963 E/Q DELTA T [1]) -1.4 DEG F
TIME 113U PST DELTA T [21: -1.6 DEG F

10-6 SEC/CU METER] DELTA T (3]: -2.7 DEG F

ARC N1U: 1 2 3 4 5 6 7 8 9 10
DIST[,]: 100 150 200 250 300 400 600 800 1200 2400

AZ I MUTH
45 0.374
46
47 U U.374
48
49 2.32 1.47 1.02 1.12
50 3.64 4.65
51 0.524
52 0.449
53 4b.2 49.4 44.9* 14.5 16.5 28.U 15.0 7.00 1.38 0.913
54 0.644
55 1.84 0.823
5b 39.7 22.4 17.2 1.02 0.823
57 147.0 154.0 95.2 48.9 u.733 1.29
58 0.913
59 15.9 18.7 1.29 2.14 1.29 1.12
60 1.75

l 3(W .0 53.9 18.9 13.9 1.57
U2 4.21 2.24 0.823 0.823 1.47
63
64
65 84.4 3.64 4.u5
6b
67
68
69 12.7 5.33
7U
71
72
73 0.913

S I Gi-A
LJEG: 3.53 3.18 2.91 ** 2.74 2.91 ** ** ** *,

1.1: . 8.3 10.1 ** 14.3 20.3 ** ,4 ,4 **

Ilk

o*,,
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Table Al (contd)

NORMAL I LEU DOSAGES
SANU 5TURli 14O. U3 U-BAR: 11.00 METERS/SEC
DATE 8 APR 1963 E/Q DELTA T [1]: -1.6 DEG F
TItlE 1040 PST DELTA T [2]: -1.8 DEG F

[10- 6 SEC/CJ METER] DELTA T (3]: -1.5 DEG F

ARC NO: 1 2 3 4 5 b 7 8 9 10
UitT[t4]: 1O0 150 200 250 300 400 S00 800 1200 2400

AZIMUTH
65 .5U04 0.28U*
bb
67
68 U.371 0.422 0.694
69 lb.8 2.63 1.23 0.58b
70
71 0.616 1.43 0.828 0.151
72
73 161.0 38.9 15.4 10.0 0.259*
74 6.6,4 10.5 2.48 0.422
75 0.647*
7b 0.211
77 168.0 79.0 55.8 27.8 12.5* 11.2 6.90 2.16 2.50 0.259*
78 0.345*
79 3.13 0.478
80 19.9 19.7 6.90 3.40 0.293
,1 49.4 47.1 34.2 30.0 0.862* 0.129
82
63 11.1, 16.8 14.0 3.32 0.431*
84
85 25.3 23.7 22., 19.0 0.293
8b 5.52 2.26 2.07 0.108
87
88
89 3.10 1.05 1.51 1.13 0.560 0.884 0.586
90

91
92 0.293
93 U.884 0.586

S I Gi,1A
UEG: 3.44 4.05 3.91 4.24 3.63 3.93 4.05 ** ** **

11: •. v• 10.5 13.6 18.5 20.0 27.4 42.3 ** ** **
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SAND STURM NO. U5 U-BAR: 5.bb tETF RS/SEC
DATE 24 APR 1963 E/ i.4 ELTA T I'l: -2.0 DEG F
TIME 1531 PsT DELTA T [21: -2.3 DEG F

11 0 -6 SEC/CU SIETERJ DELTA T [3): -3.0 DEC F

ARC O•: 1 2 3 4 5 6 7 8 9 10
OISTUMI]: 100 150 200 250 300 400 600 800 1200 2400

AZIMUTH
49 7.09 0.695 0.425

50 2.13
51

53 39.0 7.09* 22.3 17.0 9.70 2.84*
54
55 1.39
5b 19,1 9.92 3.90 0.9614

57 63.7 36.7 43.2 21.3 2.13
58
59 33.5 19.7 6.73 5.40 4.13
60
61 115.0 52.5 55.7 32.5 11.4
62 35.2 25.0 17.b 13.8
63 2.88 U.284*
64 0.354
65 216.U 203.0 104.U 43.2 49.6 41.1 43.2 24.1 4.25* 0.964
66 2.37
67 5.67- 2.13
68 74.6 45.4 43.2 20.7 1.66
69 373.0 140.0 68.1 58.4 10.8 1,39
70 2.55
71 32.9 15.9 17.0* 14.2 13.5 0.964
72 2.64
73 352.0 36.7 33.5 8.15 8.86 3.19
74 3.63 2.28 2.20 1.84 3.71

75 4.11 2.84*
76 2.13*
77 15.9 U.496 0.610 1.06 2.13* 1.57
78 1.22
79 1.53 2.03
80 0.496
d1 1.18 1.30
82 0.142
83 0.142

84 0.865
85 1.22

S I GMIA
DEG: 5.58 4.31 5.52 5.56 5.06 4.32 4.55 3.83 5.94 5.3U

(4: 9.7 11.2 19.2 24.2 26.4 3U.1 47.6 53.4 124.3 222.1
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Table Al (contd)

NORMALIZEU JOSAGES

SAND STORWI 1JO. 06 U-BAR: 3.86 tETFRS/SEFC
DATE 6 MAY 1963 E/Q DFLTA T [11: -2.4 O9n F
TIME 1420 PST DFLTA T [2]: -2.8 DF)F F

[1U-b SEC/CU METER] DELTA T [3]: -3.9 DFC F

ARC NO: 1 2 3 4 5 6 7 8 9 10
DIST(M]: 100 150 200 250 300 400 600 800 1200 2400

AZ I MUTtf
59 0.351

60 0.974
6 0.351
62 1.15 0.974
63 1.07 1.51
64 0.308
G5 0.537 0.394 0.537 1.79 0.881 0.179
66 0.215
67 0.881 0.0358
68 0.394 0.881 0.351 0.537
69 3.98 0.115 0.702 2.10 0.616
70 0.351
71 2.59 ).58 5.26 2.23 2.15 0.573
72 0.573
73 22.4 14.7 1.38 3.80 1.88 0.437
74 9.67 14.2 2.69 0.702 0.437
75 0.881
10
77 35.5 37.1 10.2 8.60 5.95 0,.88 0351 0.537 0.974
78
79 0.931
J0 19.1 3.31 0.394 0.179
81 15M.0 57.3 31.9 31.6
u2
83 15.1* 1.25 0,351
a4
35 240.0 139.0 34.9 24,b
86 3.58 0.659
37
38

39 106.0 12.2 0.215 U.115 0.659
90
91
92 0.179
93 5.1G 0.351
q4
95 0.251

61 I ITA
D4r,: 4.20 3.9; 3.39 3.82 4.49 4.5U 4.46 ** 4.51 **

"1I: 7.3 10.2 11,8 16.6 23.5 31.4 46.6 * 94.4 **

1o
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N?(,14ALILEL) OU)UAGES

SAND STORMI NO. 07 U-RAý<, 7.58 'IFTERS/SFC
DATE 8 MAY 1963 E/Q )FLTt T [11: -2.2 DFC F
TI ME 0939 PST DFLTA T [2]: -2.5 DFf" F

[10-6 SEC/CU IIETERI DELTA T [3]: -3.6 D[rF F

ARC NO: 1 2 3 4 5 6 7 8 9 10
OIST[II]: 100 150 200 250 300 400 600 800 1200 2400

AZ I ,IUTH
47 0.179 0. 394

48
49 5.11 1.07 0.537 0.251
50 0.251 0.53V 0.251 0.487
51
52
53 17.2 15.0 1.15 3.04 1.97 2.05 4.65 2.23 1.25
54
55 2.51
56 12.2 17.2 5.66 5.66
57 93.1* 29.5 23.5 22.9 3.04
58
59 21.5* 21.8 14.7 6.94 3.94 0.838
60 0. 537
61 139.0 63.0 41.0 26.5 5.42 0.974
62 17.5 14.0 11.0 7.16 0.795
63 4. 12 0.391'

64 0.251
65 111.0 36.8 28.9 15.8 16.4 9.95 11.2 6.16 4.57 1.15
66 0.179

67 3.79 Z. 38
68 2.59 2.51 2.55 5.51
69 44.4 8.31 5.66 2.1 3.76
70
71 0.303 0.537 0.437
72
73 2.86 0.881 2.77
74 0. 179
75
76
77 U.881 0.251 0.659 0.179

S I C:iA
DEG: 4.50 4.33 4.19 3.86 3.78 4.20 4.77 4.53

fl: 7.8 11.3 14.6 ** 20.2 26.3 43.. 66.6 94.9
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NORMALIZEJ dOSAGES
SAND STORMl NO. 09 U- AR: 9.14 AiETERS/SFC
DATE 23 .AY 1963 E/Q DELTt T [1]: -3.1 DEC F
TIME 1311 PST DFLTA T [2]: -3,8 OFt F

[10-6 SEC/CU rIETER] DFLTA T (3]: -4.8 DFC F

ARC NO: 1 2 3 4 5 C 7 8 9 10
DIST(MI]: 100 150 200 250 300 400 600 800 1200 2400

AZ I MUTH
73 0. 511 0. 357
74
75
76
77 28.4 0.255 0.314 0.255
78
79 0.255

00 0.445 0.810
81 233.0 26.1 8.17 0.117 0.496
J2

83 5.99 0.897 0.117 0.314
84 0.445
85 156.0 217.0 47.9 34.5 0.547 0.547
86 37.8 4.75 22.0 4.15 0.715
87 3.23 0.854
',8 1.46
89 309.0 150.0 68.6 73.3 97.4 73.3 22.8 16.7 5.25 1.46
90 1.82
91 6.57 1.09

92 103.0 67.1 19.5 6.86 0.854
93 150.0 134.0 78.8 124.0 3.01 0.992
94 0.255
95 32.0 28.8 11.7 2.55 0.219 0.401

96 0.445
97 26.1 16.1 15.8 16.1 0.182 0.401
98 3.87 1.46 0.182
99

1UO
101 0.496 0.891 i .
I102
103
104
105 0.584

SI GCA
D~f,: 4.85 3.90 4.15 2.96 2.62 ** ** 2.92 3.41

.: 3.4 10.2 14.4 15.5 18.2 ** 61.2 142.9

$
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Table Al (contd)

hURlALIZW.J JU4AGES
SAND STURI NO. 10 U-BAR: 6.16 METERS/SEC
DATE 29 MAY 1963 EA4 DFLTA T (1): -2.5 DFO F
TIME 1352 PST DELTA T (2]: -3.1 DFG F

[-O'o :LC/CJ ,1tTER] DFLTA T PI: -4.2 DEn F

ARC NO: 1 2 3 4 5 6 7 8 9 10

DIST[M]: 100 150 200 250 300 400 600 800 1200 2400

AZ I:*IUTH
41 0.568
42
43
44
45 0.501
46
47
48
49 1.62 0.501
50
51
52
53 2.39 0.824
54
55
56
57 1.50 1.41 0.312
58
59 0.312 0.696
GO
G1 3.26 1.44 0.537 1.44 0.179

G2 0.824. 0.128 0.568 0.384

G3 0.22C

64 0.179

G5 18.5 2.65 3.68 4.25 6.34 1.28 0.251 0.501 0.179

G6 0.153
G7 0.82' 0.179
68 7.88 1.37 1.79 0.629 0.251
G9 125.0 11.7 6.34 9.77 0.696 0.38'
70 0.471
71 15.6 3.53 1.15 1.21 1.50 1.02

72 0.38'
73 81.9 1.41 11.3 12.9 2.05. 0.0819
74 6.75 7.11 1.02 1.66 N 0.153
75 0.665 0.384

76 0.220

77 0.895 1.24 4.40 1.66 3.33 1.59 0.885 1.11 0.348 0.128
78 0.568
79 0.179 0.767
30 1.11 1.46 0.225 0.312 I

J1 0.629 0.854 0.537 0.312
J2
33 0.696 0.4.09

;5 0.501 0.179
86 0.128

S I Gi4A
DEGl: 4.22 6.44 4.28 4.12 4.26 4.28 5.72 ** ** **

i-1: 7.3 16.8 14.9 17.9 22.2 29.8 59.9 ** **



A10

Table Al (contd)

I4ORJIAL I Z.C UOSAGES
SAND STORM NO. 11 U-BAR: 12.51 MIETFRS/SEC
DATE 10 JUN 1963 [/Q DFLTA T (1]: -2.4 DEC F
TII1E 0914 PST DELTA T [21: -2.5 DEr F

110"6 SEC/CU ;IETER] DFLTA T [3]: -4.0 DEr F

ARC NO: 1 2 3 4 5 6 7 8 9 10
DIST[UI: 100 150 200 250 300 400 600 800 1200 2400

AZIMUTH
45 0,127 0.178 0.249 0.437
46
47
48
49 0.467 0.0812 0.178 0.508 0.249
50
51 0.279
r'2

53 1.52 0.249 0.279 0.762* 0.249
54
55 0.234*
56 0.b24 0.249
57 50.8 13.8 5.89 3.59 0.218
58
59 5.89 1.88 1.14 0.406
60
61 160.0 87.8 23.0 14.0 1.02
62 15.3 9.34 3.87 0.660 0.127
63 2.16 0.249
64 0.624
65 321.0 265.0 101.0 35.1 31.0 16.7 6.60 4.57 2.28 1.23
66 1.40
67 1.9n 1.14
68 9.90 9.14* 2.88 2.38 1.33
69 353.0 25.2 7.82 2.63 0.249 1.78
70 0.127
71 2.31 1.52 0.0508 0.127 0.279 0.152*
72 0.178
73 8.94 2.10 0.127 0.249 0.152 0.127
74 0.564 0.127 0.310
75 0.178
76
77 1.36 0.817 0.178 0.127 0.310
78
79
80 0.178
81 0.624 0.0812 0.249
82
83 0.127
84
85 0.594 0.127
86 0.178
8788
89 0.381 0.0508 0.249
90
91
92 0.310
93 0.624 0.178

SI GfA
DEG: 3.8? 2.77 2.77 3.69 2.89 4.73 ** 5.07

11: 6.7 7.2 9.6 16.1 15.1 33.0 ** * 10G.9 **



All

Table Al (contd)

?JJ~hbIAL I LEJ •OlJAGES3:

SAND STOWI 110. 12 U-IAR: 2.33 METERS/SFC
DATE 12 JUN 1963 E/Q DELTA T [1:] -1.3 DE, F
TI:tE 1018 PST DELTA T (2]: -1.7 DF, F

[I106 :;[C/CU O1ETERJ DELTA T (3]: -2.2 , r

ARC NO: 1 2 3 4 5 6 7 8 9 10
DlST[VIJ: 100 150 200 250 300 400 600 800 1200 2400

AZ IHUTi
17 0.127
18
19
20 0.498
21
22
23 0.279
24
25
26 0.406
27
28
29 0.178
30 ,,31
32 0.762 0.178 0.345

33 0.152 0.975
34
35 4.1. 0.345 0.4.67

36
37 0.310 3.05 3.31
38 3.84 0.564 0.817
39
10
11 0.127 3.08 5.13 4.33 1.45 0.762
12
43
41 10.7 2.31. 0.533

45 3.05 1.11 18.1
46
147 14.4 9.90 0.762
48
49 2.10 1.20 1.58 22.6
50 11.2 1.55 0.564
51
52
53 3.24 1.17 3.76 33.5 15.9 1.07 0.581
51
55
56 10.1 1.10 0.533
57 7.11* 0.975 28.9 81.2
58
59 6.45 3.81 0.467 0.249
60
61 11.4 2.89 5.13 4.26 0.2149
62 7.31 2.85 2.79 0.533
63 0.381
61 0.218
b5 47.2 15.1 2.89 15.1 10.3 1.84 2.69 1.61 0.406 0.127
66 0.279
67 0.888 0.437
b8 16.3 1.75 2.59 1.11 0.533
69 215.0 8.83 15.5 17.3 1.52 0.345
70 0.660
71 9.90 2.34 1.96 0.178 1.88 0.106
72 0. 564
73 166.0 18.5 19.6 26.6 1.71 0.690
71 2.72 2.147 1.07 0.0508 0.624
75 0.406 0.660
76 0.467



Al2

Table Al (contd)

SAND STORM NO. 12 [CONT.]

ARC NO: 1 2 3 4 5 5 7 8 9 20

DIST[M]: 100 150 200 250 300 400 600 800 1200 2400

AZ INUTH
;7 30.3 11.6 11.6 19.5 2.44 3.40 1.02v 0.345 0.660
78 0.46779 

0.848

80 0.888 1.78 0.690 0.127 0.564

2127.2 8.12 24.2 12.0 0.624
82 0.762
83 0.564 1.45 0.381 0.279 0.178
84
85 27.2 11.6 15.5 5.33
86 0.437 1.04 0.498 0.0508
87
88
89 6.85 4.26 9.04 0,690 0.726 0.381 0.381
90
91
92 0.690 0.553 0.249
93 7.72 2.16 8.12 0.381
94 

0.660 0.249
96
97 20.9 0.152
98 O.b6, 0.564
99

100
101 15.9 1.02 0.594
102
103
104 1.C7 0.594
105 0.624
106
107 0.564 0.345

SIGMA
DEG: 9.07 10.6 13.6 11.5 11.2 17.8 20.1 17.9 **

M: 15.8 27.8 47.5 50.' 53.7 124.3 210.9 ** 375.3 **

S..... I" - _ •• ,ll- - -- =,- ,., - • i-



NORMALIZED DOSAGES
SAND STORM NO. 13 U-BAR: 2.91 METERS/SEC
DATE 14 JUN 1963 E/Q DELTA T (1]: -1.7 DEG F
TIME 1057 PST DELTA T [2): -2.1 DEG F

110- 6 SEC/CU MIETER] DELTA T [3]: -2.8 DEG F

ARC NO: 1 2 3 4 5 6 7 8 9 10
DIST(M]: 100 150 200 250 300 400 600 800 1200 2400

AZ I MUTH
44 0.108
45
46
47 0.130
46

49 2.;,2
50 0.698 0.373
51
52
53 2.74 2.77 U.807 0.108
54
55
56 2.82 1.27 0.152
57 0.590 1.14
58
59 1.63 1.68 0.672 0.130 0.238
bO
61 1.33 0.130 0.373 0.507
62 1.08 3.59 1.63 0.915
63 0.806 0.212
b4 0.186
65 ** 0.455 2.49 2.63 4.77 2.82 4.38 0.425 0.108
66 0.0434
67 0.295 **
68 5.16 4.03 6.24 3.64 0.108
69 1.57 ** 2.19 3.18 0.650 0.130
70 **
71 2.43 5.51 7.72 4.21 0.832 0.108
72 0.130
73 6.24 0.186 8.45 6.24 1.30 0.212
74 3.31 6.24 7.54 2.22 0.347
75 1.19 0.373
7b
77 3.04 0.325 4.77 1.68 2.28 5.33 8.63 1.68 1.95
78
79 1.52
80 1.24 3.25 9.93 2.93
81 0.590 1.95 0.780 1.37
82
83 0.915 3.01 5.51 3.72 1.44
84
85 u.533 2.28 0.425 1.95
86 0.698 1.95 2.93 2.00
87 1.89
88
89 0.186 0.915 0.212 0.212 0.325 1.41 2.11
90
91 2.60
92 0.425 0.152 0.264 U.533
93 0.152 0.832 1.98
94
95 0.325 0.212 0.212 0.373 2.17
96
97 0.698 1.68
ý, 0.264 0.186
9e 1.46

100

101 0.481 0.425 0.425
102
103
104 0.264
105 0.186
10l
107 0.238

S IGMA
DEG: ** ** 5.37 1 '. 12.0 8.90 6.74 8.46 10.3 **

M: ** ** 18.7 58.4 63.0 62.1 70.6 118.1 215.7 **



A14

Table Al (contd)

NORMAL IZEU OOShGES
SAND S')RM' NO. 14 U-BAR: 5.31 .ETERS/SEC
DATE 19 %UN 1963 E/Q DELTA T E1: -1.8 DEG F
TIME 1018 PST DELTA T 12]: -2.6 DEG F

[10-6 SEC,'CU METER] DELTA T (3]: -3.4 DEG F

ARC 1O: 1 2 3 4 5 6 7 8 9 10
DIST[M]: 100 15U 200 250 300 400 600 800 1200 2400

AZIMUTH
71 0.216
72
73
74 0.0718
75
76
77 0.704 0.352 0.352
70
79 0.216
80 0.438 0.180 0.251
81 33.5 0.180 0.884
82 0.661
83 U.489 1.34 1.08 0.884 0.180
84
85 69.7 30.5 u.b6l 1.80
86 0.251 0.797 3.23 4.40 0.251
87 2.74 1.34
88 2.10
89 158.0 33.8 10.3 6.03 1.88 1.11 3.52* 0.884i 1.52 2.05
90 2.16*
91 0.352 2.16
92 4.31 0.977 0.180 0.352
93 53.9 31.7 19.8 10.9 0.216 0.309
94 0.180
95 2.U9 0.704
96
97 5.94 1U.3 10.6 2.05
98 0.704 0.359
99

100
101 1.1b O.61 0.b18 0.251 0.216
102
103
104
105 0.438 0.251

SIGMA
DEG: 3.79 ** ** ** ** ** ** ** ** **
-: 6 .6"** .. -*- . . .. - . ,,



A15

Tab]e AI (contd)

zgAr[) STOR,; N0. 1U U-PAII: 4.47 ;iETEIb/SEC
DATE 9 JUL 1Yb3 DELTA T [11: -1.6 DFU F
TIIE 0950 PST UELTA T 12J; -2.2 DEG F

l1 ,EC/CJ ILTLJ DELTA T [3]; -2.7 DEC F

ARC NO: 3 u 7 8 9 l1
JiST[=l: 20U 4uo buo suo 120o 24,O

ALh i'Th
65.u 2.Ul*
65.5
QU.u 0.518
80.5
0.0 5.5u U.140 1.314
67.5
68.u 3.27
?J.5

SV.O 5.93 1.22 0.285 2.74
E9.5
90.u 2 .10"
9UO.5

91.u 4.72 U.374 0.350 1,57
91.5
)2 .u u.117

U2.5
93.0 6. 87 U.490 1.55
93.5
J4.0
94.5
95.0 11.1 1.45 4.72 1.46
95.5
9b.O

9b. 5 3.97* U.934
97.0 14.5 2.57 10.7
97.5
98.0 10.3 U.9314
98 . 5
99.u 17.5 5.75* 19.8
99.5 b.91 0.518

iuo.u100. U
100.5
lul.u 33.1 12.5 23.o 15.2 0.575
lul.5
102.u
12.5 11.4 U.514*
103.0 23.0 u.54* 2 .0
103.5
lu4.0 0.b68 U.458
lu4.5
lu5.0 lu.u 3.92 u. Iol
lo5.5
lub.u
lub. 5
1l7.U 5.93 0.897

S I GtlA

OEU: ** ** 2.145 2.13 ** 1.42
:•* *25.b 29.b *A 55.5



A16

Table Al (contd)

1,.¶,,AL I LEL) JOJAGES

SAND STORM 14O. 17 U-BAR: 5.37 tiFTEPS/SFC
)ATE 11 JUL 1963 E/L DELTA T (1]: -1.7 DEr F
TitlE j933 PST -6 DELTA T (2]: -2.2 DFC F

SLI" •LC/CU .IETER] DFLTA T [j]: -3.0 Dro F

ARC NO: 3 6 7 8 9 10
DIST[1] : 200 400 600 800 1'00 2400

AZIMUTH
74.0 0.234
74.5
75.0 0.263
75.5
76.0 0.234
76.5
77.0
77.5
78.0
78.5
79.0 0.358
79.5
80.0 0.234
60.5
81.0 32.? 0.530
81.5 0.292 0.134*
82.0
82.5
83.0 12.1 1.08 2.60 1.01
83.5
84..0
84.5 2 .32
85.0 13.8 0.889 3.80
85.S
86.0 2.18
86 6.5
87.0 4.83 1.22 7.46
87.5 2.60
88.0
88.5
89.0 3.78 2.93 2.44 2.39
89.5
90.0
90.S 1.70
91.0 0.741. 1.08
91.5
92.0
92.5
93.0 0.143

S I GMA
DEG: 2.45 ** 2.30 2,46 ** **

8.5 2.03 ** **



A17

Table Al (contd)

NJR.IALIZEj JOSAGES
SAND STORM NO. 18 U-BAR: 8.65 METERS/SEC
DATE 15 JUL 1963 E/Q DELTA T [1]: -2.2 DEG F
TIME 1030 PST -6 DELTA T [2]: -2.' n.G F

1.0 '-EC/CU .IETER] DELTA T [3]: -0.0 DEG F

ARC NO: 3 6 7 8 9 10
DIST[M]: 200 400 600 800 1200 2400

,Z I:,,,T;,

56.0 0.453
56.5
57.0 42.3 0.913
57.5 0.371*
58.0
58.5

59.0 50.6 1.71 2.12 2.60 0.312*
59.5
60.0
60.5 1.20 0.260
61.0 51.2 23.3 ?.87
G1.5
62.0 1.20 1.30
62.5
63.0 88.0 25.3* 4.79
63.5 1.43 0.557
64.0
64.*5
65.0 57.9 10.0 3.24 1.06 0.646
65.5
66.0
66,5 0.728
67.0 20.8* 2.69
67.5
68.0
68.5
69.0 7.20 1.00*
69.5
70.0
70.5
71.0 0.364
71.5
/2.0
72.5
73.0 0.201*

S I G,4A

DEG: 3.10 2.26 * ** **
M: 10.8 15.7 ** ** ** **

II



A18

Table Al (contd)

1MON4,IALIZCEj uOAGES
SAND STORM NO. 19 U-,AR: 12.60 'IFTERS/SEC
DATE 17 JUL 1963 I/Q DELTA T (1): -2.1 DFr, F
TIME 0936 PST DELTA T (2): -2.6 DEr F

L10U6 SEC/CU ;IETEit] DELTA T (31: -3.9 DFf. F

ARC H1O: 3 6 7 a 9 10
D I ST/(4J: 200 100 600 800 1200 240'

AZI1MUTH
67.0 0.27067.5

9.03
68.569.0 4.73
69.5
70O0
70.5
71.0 17.0 5.56 0.378 1.20
71.5 S
72.0
72.5 1.82 1.88
73.0 53.6 17.3 5.22 0.579
73.5
74,0 1.78 1.74. 3.71

75.0 84.9 7.80 2.51 3.9.
75.5 1.00 1.29
76.0 3.19
76.5
77.0 17.3 3.86 0.471 0.811 0.525 1.5'.
77.5
78.0
785 0.332 0.378
79.0 3.90 0.949 0.193
79.5
80.0 0.193

S I C:4A
DEC: 1.92 1.92 ** ** 2.39 **

6.: .7 13.. ** ** 50.0 **



A19

Table Al (contd)

N'URiALIZEU OJU6AGES
SAND STORt NO. 20 U-BAR: 3.86 tiFTERS/SFC
DATE 26 JUL 1963 E/Q DELTA T [11: -0.7 DFr F
TI[E 1018 PST DELTA T [2]: -2.3 DE( F

[10-6 SEC/CU HETER] DELTA T [3]: -2.8 ,')C F

ARC NO: 3 6 7 8 9 10
DIST[.1.: 200 400 600 800 1200 2400

AZI:IUTH
54.0 0.0836

55.0 0.142
55.5
56.0 0.140
56.5

57.,•0.201
57.5

58.0 0.435
5d.5
59.0 0.41I4
59.5
60.5 0.414
60.5
61.0 0.4184

61.5
62.0 0.421

62.5

63.0 1.35 0.3O4
63.5
G4.5 0.496*

65.0 6.30 0.836
65.5
66.0 0.659
66.5
67.0 6.02* 0.949
67.5
68.0 0.797
9. 5

69.0 5.66 1.42
69.5 0.2J4
70.5 1.59
70.5

71.0 15.0 3.358 0.949
7 1 . 5 

.,

72.0 1.35
72.5 

01230

73.0 24.4 1.57

73.5
74.0 0.262 1.61

75.0 1.50 1.72
75.5 

0.179

76.0 
1.50

76.5 
.

77.0 0.659
77.5 

0.122 0.974

78.076.5 O1.24

79.0 0.531 
0.709*

79.5 
0.995

80.0 2.61 2.65 0.347d0.5

81.0 0.443 0.244 1.95
81.5 0.995

82.0 
15.6 2.40

82.5 
1.33

83.0 0.372 1.27 1.63 13.4 3.29* 0.974
83..5



A20

Table Al (contd)

SANJD STORM NO. 20 (CONT.]

ARC NO: 3 6 7 8 9 10
DIST[M]: 200 400 600 600 1200 24,00

AZ I MUTH
84.0 0.570
84.5 12.6 4..50
85.0 0.297 1.35 0.241
85.5
86.0 6.37* 74.21 0. 1f 8
86.5
87.0 0.297 2.08 0.146
L17.5 3.43 1.95
88.0 0.10.
88.5
89.0 0.177 4.50 3.72 1.45* 0.0797
89.5
90.0 0.0482
90.5 2.14 1.14
91.0 2.26 0.0531
91.5
92.0 1.73 1.05 0.0747
92.5
93.0 0.673
93.5 0.974 0.867
94.0
94.5
95.0 0.705 0.811
95.5
96.0
96.5 1.04 0.464
97.0
97.5
98.0 0. 779 0.110
98.5
99.0
99.5 1.27

S I GMA
DEG: 3.37 ** 3.56 4.30 5.13 7.32

M: 11.7 ** 37.2 60.0 107.5 306.7



Table Al (contd)

NUR-ALI ZEJ ;•SAGZS
SAND STORM NO. 21 U-BAR: 7.57 MAETERS/SEC
DATE 30 JUL 1963 E/Q DELTA T (1): -1.2 DFr, F
TIME 1256 PST DELTA T (2]: -3.6 DFC F

[IOU6 SEC/CU IIETiRJ DELTA T [3]: -4.6 DEG F

ARC 10: 3 6 7 8 9 10
DIST[MJ: 200 400 600 800 1200 2400

AZIMUTH
65.0 0.110 0.117 0.106
65.5
66.0
66.5 0.163
67.0 0.203 0.152 0.256
67.5
68.0 0.156
68.5
69.0 1.94 0.579 0.448
69.5 0.241 0.156
70.0
70.5
71.0 7.17 1.59* 0.833 O.459* 0.297 0.0766
71.5
72.0 0.141
72.5 0.8C8 0.777
73.0 11.7 4.48 5.79 0.191*
73.5
74.0 1.54 1.38* 0.259
74.5
75.0 71.7 17.7 9.28 0.833
75.5 3.25* 2.44
76.0 1.65
76.5
77.0 126.0 25.7 11.8 6.71 2.47 0.826
77.5
78.0 0.851
78.5 9.43 4.48
79.0 82.6 32.8 13.8 0.971
79.5
80.0 12.4 4.62 1.09
80.5
81.0 14.4 11.7 13.3 1.11*
81.5 9.14 5.65
82.0 1.14
82.5 .

83.0 2.$k 4.06* 5.08 2.29 4.20 0.717
83.5
84.0 0.191*
14.5 0.165 0.865
85.0 0.636* 1.47 0.826
85.5
86.0 0.0946 0.177*
86.5
$7.0 0.0812 0.177

SIGMA
DEG: 2.24 2.74 3.36 2,18 3.22 2.95

M: 7.8 19.1 35.1 40.2 67.3 123.7



A22

Table Al (contd)

UWI4ALI ZEiJ uOSAGES
SAND STORM NO. 22 U-RAR: 1.33 14ETERS/SEC
DATE 9 AUG 1963 E/Q DELTA T M1]: -2.*0 DEG F
TIME 1158 PST DELTA T [2): -2.7 DEC F

[10" SEC/CU METEIRJ DELTA T [31: -3.5 DEG F

ARC NO: 3 6 7 8 9 10
DIST[MI: 200 '00 600 800 1200 2400

AZI14UTH
80.0 0.0894 "1
80.5
81.0 2.08 0.223
81.5 0.210 ,
82.0
82.5
83.0 1.51 1.31 0.622
83.5
811.0

81.5 0.217 -
85.0 1.10 1.62 0.0733
85.5
86.0 0.199 0.105 "
86.5
87.0 2.26 0.321 2.79 0.168
87.5 0.531
83.0 0.105,"
88.5
89.0 2.417 1.118 5.31 0.1199 0.0915 0.0936
89.5
90.0 0.0824'
90.5 0.562 0.0562
91.0 4.16 12.9 5.59 0.0716
91.5
92.0 0.8119 0.0349 0.0611
92.5
93.0 1.30 3.32* 7.09 0.0521.
93.5 1.31 0.0559
94.0 0.109
9'.5
95.0 3.53'* 0.824 8.56 2.44 0.0821 0.102
95.5
96.0 0.0737
96.5 1.16 0.122
97.0 2.93 2.32 10.1 0.0521
97.5
98.0 6.46 0.894 0.13898.5

99.0 2.71 2.27 10.7 0.17599.5 6.81 1.75

100.0 26161*66
100.5
101.0 1.99 2.98 8.2S 8.87 1.59 0.131

101.5
102.0102,5 11.2 1.92

103.0 2.68 1.678 6.671103.5
l104.0 4.16 0.279

SI C.l5

104.5

105.0 8.87 0. 786 7.37
105.5 3.39 0.262
106.0
106.5
107.0 10.4 1.70 8.73 1.63

S I r.11A

D~r.:



Table Al (contd)

fNOROtALIZEj )04AGE•E
SAND STURM NO. 23 U-BAR: 7.45 METERS/SEC
DATE 16 AUG 1903 1DFLTA T (1: -2.6 DEG F
TItIE 1558 P!- T DELTA T 12]: -2.7 DEG F

(10"6 SEC/Cu *IETEi(] DELTA T (3]: -3.6 DEG F

AkC NO: 3 b 7 8 9 10
DISTL..iA: 200 4Ou uUO 800 1200 2400

AZ I flUTH
55.U 0.1oo
55.5
5b.()
56.5

07,U u.139 U.562 U.L04
57.5 0.386

5O .0

5,;.5
59.u 1. 09 2.02 1.01 U.909
59,5

1O. 5 0.966 U.386
ul~u 2,79 2.32 2.32
01.5

u2,0 1.8b 0.997
u2.5
U3.u 16.8 3.86 3.,6
63.5 3.27 ]..0
u4.0
u4.5

55.0 z2.1 9.83 5.34 6.25 1,7G
65.5
bb.0
(b6.5 7.90 1.55
u7.0 34.i 13.1 17.3
61.5
L .0 10.3 2.70

68.5
69.0 lUb.0 17.7 17.1 0.134
69.5 12.4 5.34
7U.U 0.239
7U,5

71.0 121.0 37.7 10.7 10.1 2.97 0.418
71.5
72.0 0.171
72.5 7.72 2.02
73.0 1O4.U 23.7 1l.b 0.284
73,5
74.U 3.86 1.40 0.266
74.5
75.U 69.9 20.0 7,11 0.244
75.5 5.34 1.47
76.U 0.279
76.5
77.0 53.4 13.2 9.23 7.13 1.71 0.177
77.5
78.U
76.5 0.702 0.474
79.0 14.9 6.35 1.18
79.5
80.0 0.0702
80.5
31.u 7.72 0.302 U.421
81.5
82.0
82.5
83.0 2.51 0.151
83.5 ~
84.0
84.5
85.0 0.0878

SIGMA
DEG: 3.96 4.36 4.55 4.36 4.27 **

M: 13.8 30.4 47.b 60.8 89.5 **



A24

Table Al (contd)

NORIU'ALIL7EJ LUSAGES

SAND STORM NO. 24 U-BAR: 5.82 METERS/SEC
DATE 19 AUG 1963 E/!. DELTA T (1]: -1.3 DEG F
TIME 1542 PST DELTA T [2]: -1.4 DEG F

110" 6 SEC/CU IMtETER] DELTA T [3]: -2.3 DEG F

ARC NO: 3 6 7 8 9 10
DISTEM]: 200 400 600 800 1200 2400

AZIMUi H
75.0 0.252 0.291 0.257
75.5 0.0809
76.0
76.5
77.U 0.989 0.647 0.608 0.0848
77.5
78.0
78.5 0.193
79.0 2.20 1.57 0.442
79.5
80.0 0.1428
80.5
81.0 5.00 3.78 0.899
81.5 0.324* 0.0719
82.0
82.5
83.0 11.9 6.08 2.82 0.219 0.0899
83.5
84.0
84.5 0.539 0.112
85.0 19.6 8.05 3.63
85.5
86.0 1.77 0.264 0.261
86.5
87.0 37.8 5.14 4.85 0.360*
87.5 2.23 0.608
88.0 0.485
88.5
89.0 42.8 9.20 6.08 2.37 1.19 0.205
89.5
90.0
90.5 5.32 2.02
91.0 36.0* 3.31 7.73
91.5
92.0 7.59 1.74
92.5
93.0 30.2 6.29 6.65
93.5 10.1 1.83
94.0
94.5



A25

Table Al (contd)

SAND STORM NO. 24 (COPT.)

ARC NO: 3 6 7 8 9 10
DIST[M] 200 400 600 800 1200 2400

AZ I MUTH
95.0 42., 5. 75 8.99 7.91 0.640
95.5
96.0
96.5 4.85
97.0 25,3 11.3 4,10
97.5
98.0 4.28
98.5

99.0 13.7 11.0 3
99.5 1.30

100.0
100.5
101.0 2.05 2.70 2.19
101.5
102.0
102.5
103.0 0.759 0.0942 1.04
103.5
104.0
104.5
105.0 0.0848 0.243 0,182
105.5
106.0
106.5
107.0 0.103

SI GMA
DEG: 4.81 6.48 5.57 4.03 ** **

11: 16.7 45.2 58.3 56.3 ** **

-4

..4



A26

Table Al (contd)

Iiui•.iALIZEu ouSAGEzi
SAND STORM NO. 25 J-RAR: 7.82 IETFRS/SFr
DATE 21 AUG 1963 E/u DELT/ T [1]: -2.7 DEr F
TIM F 1334 PST DFLTA T [2]: -3.2 DFC, F

IL1Ju6 :EC/CU iETEi] DELTA T r3]: -4.5 DOr F

ARC NO0: 3 6 7 8 9 10

D1ST[.: 200 400 600 800 1200 24U0

AL I MUTH
63.0 0.0327
63.5
64.0
64.5
65.0 0.141
65.5
66.0
66.5
67.0 0.345
67.5
b8.0
68.5
69.0 0.851- 0.0450
69.5
70.0
70.5
71.G 3.75 U. 327 0.0450 0.0419
71.5
72.0
72.5 0.0373
73.0 8.92 0.593 0.860 0.079f
73.5
74.0 0.583 0.180
74.5
75.0 15.9 4.58 1.65
75.5 1.00 0.786
76.0
76.5
77.0 24.9 6.06 2.55 u.565 0.876
77.5
78.0
78.5 0.442* 0.933
79.0 21.4 8.37 1.95
79.5
80.0 0.377 0.548
80.5
81.0 44.4 11.4 1.59
81.5 0.0409 0.416
82.0
32.5
83.0 33.? 6.55 0.123 0.262
83.5
84.0
84.5 0.138
85.0 14.6 1.35 0.0532
85.5
86.0 0.0429
86.5
87.0 6.19 U.0450 0.0480
87.5
88.0
88.5
89.0 0.612
89.5
90.0
90.5
91.0 0.0542

S I CGIA
DEr,: 3.89 2.92 2.71 2.88

:1: 13.5 20.4 28.3 ** 60.2 **



A27

Table Al (contd)

NORHALI ZLJ DOSAGES
SAND STORM NO. 26 U-BAR: 9.66 HIFTERS/SEC
DATE 22 AUG 1963 E/ Q DELTA T [1]: -2.7 !Fr F
T TIME 1430 PST DFLTA. T [2): -3.0 2"Fr F

(106 SEC/CU ,1 ETER] DFLTA T [3]: -4.5 ")Fr F

ARC NO: 3 6 7 8 9 10
DIST[(M]• 200 400 600 800 1200 2400

AZIMUTH
49.0 0.21,
49.5
50.0

50.5
51.0 4.11
51.5
52.0
52.5
53.0 12.6 0.0424
53.5
54.0
54.5
55.0 17.0 0.648 0.139
55.5
56.0 0.534
56.5
57.0 34.2 9.49 2.06
57.5 0.939
58.0
58.5
59.0 48.1 44.5 12.1 1.24 1.78
59.5
60.0 0.0818
60.5 5.77 1.46*
61.0 61.9 42.6 17.8 0.259
61.5
62.0 7.13* 1.25 0.246
62.5
63.0 54.3 41.1 21.9 0.468
63.5 8.66 3.56
64.0 0.426*
64.5
65.0 64.8 30.0 12.8 5.34 2.92* 0.494
65.5
66.0 0.591
66.5 6.87 2.59
67.0 66.7 21.9 10.7 0.494
67.5
68.0 5.51 2.40 0.632
68.5
69.0 34.8 17.8 9.23 0.518t-
69.5 2.74 1.51
70.0 0411
70.5
71.0 28.8 15.7 5.04 2.06 1.21 0.219
71.5
72.0 0.246
72.5 2.59 0.546
73.0 20.6 9.23 4.34 0.178/3.5 i
74.0 2.11 0.850 0.164
74.5
75.0 8.60 4.53 3.29 0.113
75.5 1.78 0.454*
76.0 0.0923
76.5
77.0 6.80 2.88 0.769 0.453 0.233 0.0424
77.5
78.0
78.5 0.121 0.0504



A28

Table Al (contd)

SAND STORM 1O. 26 (CONT.]

ARC NO: 3 6 7 8 9 10
DIST[H]: 200 400 600 800 1200 2400

AZIMUTH
79.0 0.769 0.382 0.139
79.5
80.0 0.206 0.0486
80.5
81.0 O.5146 0.0850 0.0567
81.5 0.0445
82.0
82.5
83.0 0.121 0.0688 0.274
83.5
84.0
84.5 0.121
85.0 0.211 0.0424
85.5
86.0 0.0583
86.5
87.0 0.0794
87.5
88.0
88.5
89.0 0.0909
89.5
90.0
90,5
91.0 0.0342

S I GMA
DEG: 5.59 4.76 4.57 4.95 4.38 3.86

M: 19.5 33.2 47.9 69.0 91,6 161.6



A29

Table Al (contd)

NUR14ALIZEUJ JUSAGES
SAND STORM NO. 27 U-BAR: 6.35 MFTERS/SFC
DATE 27 AUG 1963 E/Q DELTA T [1]: -1.8 DEr, F
TIME 1538 PST DELTA T (2]: -2.1 DEn F

TE 5 T"6 EC/CU ;IETER] DELTA T :3]: -2.9 DIn F

ARC NO: 3 6 7 8 9 13
D I ST []: 200 400 600 800 1200 2400

AZIMUTH
51.0 0.0863
51.5
52.0
52.5
53.0 0.263 0.202
53.5
54.0
54.5
55.0 1.29 0.452 0.113
55.5
56.0 0.0822 0.0470
56.5
57.0 2.78 2.63 0.986 0. 352
57.5 0.265 *0.0493
58.0 0.846
58.5
59.0 13.3 8.79 4.03 2 .09 0.353 1.22*
59.5
6J.0 1.66
60.5 5.16 0.833
61.0 29.3 9.04 7.61 1.25
61.5
62.0 0.799 1.01 0.855*
b2.5

63.0 93.7 4.70 3.76 0.600
03.5 0.689 0.115

b4.0 0.417
64.5
b5.0 57.2 2.55 *0.0616 0.197* 0.565
b5,5
b6.0 Q. 536
b6.5 0.0616
67.0 51.6 0.0717 0. 475
6 7.5
68.0 0.304
68.5
u9.0 26.3 0.139
b9.5
70.0
70n. 5
11.0 1.08
71.5
?2.0
72.5
73.0 0.0657
73. 5
74,0
74.5
75.0 0.0544
75.5
76.0
76.5
77.0 0.0431
77.5
78.0
78.5
79.0 0.0329

SIGMA
DEC: 2.83 2.41 ** 1.57 3.07

H: 9.8 16.8 ** 21.3 ** 128.6



A30

Table Al (contd)

NURtIAL ILEJ JOziAGLIJ
SAND STORM 14O. 28 U-RAR: 8.49 I.¶FTFD-qSrC

DATE 30 AUn 1963 E/Q DELTA T fl]: -2.5 D'Fn F
TitlE 1439 PST DELTA T [2]: -2.8 Ur( F

L1&U6 ,)C/CU .ETER] DELTA T [3]: -3.7 DFr F

ARC NO: 3 6 7 8 9 10
31ISTUI]: 200 4O0 600 800 1200 2400

ALZ 14UTH
55.0 0.0555
55.5
56.0
56.5
57.0 0.0905
57.5
58.0

59.0 0.132
59.5
60.0
60.5
61.0 0.202
b1.5
62.0
62 .5
63.0 0. 782
63.5
64.0
64.5

65.0 2.50 3.0411
65.5
66.0
b6. 5
67.0 4.G1* 0.142
67.5
68.0
b8.5
69.0 8.97 2.70 0.0782
69.5
70.0
70.5
71.U 18.1 47.6 0.123 0.0329
71.5
72.0
72.5 0.0388
73.0 22.2 18.8 O.Il0
73.5
74.0 0.209
74.5

75.0 T7.6 12.3 U.471
75.5 0.181 0. 66b
76.0
76.5
77.0 72.b 0. 576 0.4 76 0. 222 0.181
77.5
78.0
78.5 0.173 0.0.00

79.U 12.3 0.111 0.107

•0.0 0.0964
805
81.0 4.61

4I C,.,A
DEG: 3.32 1.68 2.83 2.69 **

:1: 11.5 11.6 29.6 37.5



A31

Table Al (contd)

h~UrlALIZEJ UOSAGES
SAWN STORM 1O. 29 U-BAR: 7.69 f1ETERS/SFC
DATE 10 SEP 1963 C/U DELTA T [1]: -1.2 DFn F
TliIE 1611 PST DELTA T [2]: -1.4 DEC F

[10"6 SEC/CU METER] DELTA 7 (3]: -2.6 DEC F

ARC NO: 3 6 7 8 9 10
DIST[,.]: 200 400 600 800 1200 2400

AZIMUTH
b5.0 0.111
65.5
66.0
66.5
67.0 0.131
67.5
68.0
68.5
69.0 0.918 0.234 0.375
69.5
70.0
70.5
71.0 2.62 1.33 0.746 0.0509
71.5
72.0
72.5 0.125 *0.0509
73.0 5.33 1.23 0.654*
73.5
74.0 0.332 0.981
74.5
75.0 13.7 3.32 0.551
75.5 1.37 2.36
76.0 1.44
76.5
77.0 23.6 4.25* 2.01 3.88 2.7F 3.32
77.5
78.0 3.03
78.5 

5.82 3.32

79.0 13.1* 5.48 12.3 2.14
79.5
80.0 10.2 3.27* 1.23
80.5
81.0 7.44 8.19 7.51 0.150
81.5 

5,27 3.19

82.0 0.124
- 82 .5

83.0 1.95 1.80 0.777 2.08 0.491*
83.5
84.0
84.5 0.509 0.0736
65.0 0.442* U.124 0.0676
85.5
66.0 0.0572
86.5
87.0 0.106
j,7.5
88.0
88.5
89.0 0.0429

SIGMA
Wrl: 2.96 3.27 2.61 2.14 2.43 **

A: 10.3 22.7 27.3 29.8 50.9



A32 Table Al (contd)

hOfIPIALI ZLu JUOSA(LS

SAWD STORM NO. 30 U-OAR: 2.90 ;4ETERS/IFr
DATE 11 SEP 1963 E/QI DELTA T (1]: -1.1 DE' F
TIlME 1526 PST DELTA T (2]: -1.8 DFr F

t1O"6 SEC/CU IICTERJ DELTA T r3J: -2.1 r)Fr F

ARC NlO: 3 6 7 8 9 10
OIST[I1]: 200 100 600 800 1200 2400

AZ I ;4UTH
77.0 0.0169
77.5
78.0
78.5
79.0 0.103 0.0346
79.5
80.0
dO.5
81.0 0.151 0.0510

l.5
82.0
82.5
83.0 2.k3 0.100 0.0655
83.5
84.0 0.0202
S1.5 0.063k
i5.0 11.6 0.0571.- *0.0328
85.5
d6.0 0.107 0.C574
86.5
b7.0 26.9 0.346 0.010 *0.0192
87.5 0.0631 *0.0192
88.0 *0.01.26
d8.5
89.0 21.3* 0.796 0.287 0.0169 0.0714 0.0387
89.5
90.0 0.0305
90.5 0.320 0.115
91.0 18.0 1.80 0.860 *0.0737
91.5
92.0 0.852 0.159 0.180
92.5
93.0 23.6 2.85 0.960 0.131
93.5 0.931 0.292
94.0 0.195
94.5
95.0 9.70 5.98 1.14 1.01 0.361 0.333
95.5
96.0 0.215
96.5 1.24. 0..01
97.0 4.b5 2.92 2.08 0.2k9
97.5
98.0 1.52 0.3k6 0.500
98.5
99.0 0.964 0.387 0.541 0.2k6*
99.5 1.66 0.878

100.0 0.123
100.5
101.0 0.152 0.136 0.459 0.860 0.819 0.361

101.5
102.0 0.108
102.5 0.110 0.387
103.0 0.0533 0.0429 0.136 0.0451
103.5
104.0 0.0.10 0.221 0.0778
1016.5
105.0 0.0755
105.5 *0.O410
1U6.0 0.0346

S I GtIA
DEC: 3.55 3.04 3.21 3.63 3.82 5.28

;1: 12.4 21.2 33.9 50.7 80.0 221.1



A33

Table Al (contc)

U1b4dALI ZEU dOSAGES
SAlNa STORII NO. 31 U-BAR: 8.89 IiFTFRU/SEC
DATE 12 SEP 1963 E/Q DELTA T (11: -0.8 DFC F
TIOIF 1501 PST DFLTA T F21: -1.4 DEC F

E10- 6 5EC/CU A4ETER] DELTA T [3]: -2.2 DFf, F

ARC NO: 3 6 7 a 9 10
DISTU[1J: 200 400 600 800 1200 2400

AZIAUTH
75.0 0.0713
75.5
76.0
76.5
77.0 0.290
77.5
78.0
78.5
79.0 0.20'4 0.0332 4
79.5
dO.0
*U.5
dl.0 4.93 0.194
81.5 0.0373
82 .0
a2.5
83.0 54.7 2.24 0.673 0.0664
83.5
84 .0
s4. 5 0.581 0.0664
65.0 64.7 3.30 0.829
85.5
856.0 0.299 0.521 0.197
86.5
857.0 69.0 15.4 4.99 0.627
07.5 5.21 2.80
68 .0 0.094b

a9.0 36.5 23.9 8.87 6.20 4.56 0.204
a9.5
.10.0 1.02
90.5 7.13* 7.46
91.0 26.5 25.9 11.4 2.39
91.5
92.0 8.31 6.70 3.07
92.5
93.0 6.64 8.26 8.46 4.79
93.5 9.32 6.27
94.0 6.20
94.5
95.0 1.14. 4.30 4.50 6.20 4.79 3.37
95.5
96.0 2.52
96.5 0.954 0.904
97.0 0.380 0.239 0.kO Ol . 591
97.5
98.0 0.0705 00125 0.295

98.5
99.0 0.110 0.0498
99.5

100.0
100.5
101.0 0.0664

SI GIIA
DEr: 2.91 2.65 2.76 2.68 2.50 2.15

HI: 1 0 . 1 1 8 . 4 2 8 . 9 3 7 A4 5 2 . 3 9 0 . 0



A34

Table Al (corntd)

NOWRAL I LW JUAGES
SAND STORM NO. 32 U-BAR: 3,80 ý.IFTERS/SEC
DATE 16 SEP 1963 E/Q DELTA T (I]: -2.1 jEr, F
TI1ME 1413 PST 6 DELTA r [2]: -2.6 DEC F

(10- SEC/iC METER] DELTA T (3ý: -3.7 DEG F

ARC NO: 3 6 7 8 9 10
DISI[M]: 200 400 600 800 120C 2400

AZIMUTH
71.0 0.228
71.5
72.0
72.5
73.0 2.36 0.0593 0.0492
73.5
74.0 0.125
74.5
75.0 27.9* 0,202 0.410*
75,5 0.474 4.74
76,0
76.5
77.0 90.8 3.67 3.33 1.33 5.41
77.5
78.0 0.815
78.5 4.7( 6.26
79.0 54.9 11.9 32.0 0.991
79.5
80.0 7.37 10.6 1.27
80.5
81.0 O.934 5.70 11.2 1.38
81.5 9.83 11.4
82.0 4.59
82.5
83.0 0.614 4.80 7.80 10.7 7.80 2.95*
33.5
84..0 1.95
84..5 15.2 6.88
85.0 0.429 7.23 8.52 1080
85.5
86.0 7.52 2,95" 1,44

*6.5
87.0 0.356 0.287 4.31 0.934
87.5 3.46 1.23
88.0 0.508
88.5
89.0 0.254 0.292 1.24 1.20 0.474
89.5
90.0 0.243
90.5 0.444 0.787
91.0 0.192 0.138
91.5
92.0 0.0878 0.292 0.0655
92.5
93.0 0.0574 0.0492
93.5 0.159
94,0 0.03G9
94.5
95.0 0.0510 0.0041

SI GMA
DEC: 1,92 2.84 2.82 2.85 3.53 2.88

6.6 19.7 29.5 39,8 75.8 120.4



A35

Table Al (contd)

NOROALIZEJ ijOSAGES
SAWj STO1H ?10. 33 U-_BAR: 4.51 MFTERS/SEC

,DATE 8 OCT 1963 E/ DELTA T (1]: -0.3 DEG F
TIME 1543 PST DELTA T (2]: -0.8 DEG F

6 ,EC/CU ;IETER] DELTA T [3]: -1.5 DEG F

ARC NO: 3 6 7 8 9 10
DIST[I] : 200 400 600 800 1200 2400

AZIMUTH
68.0 0.0663
68.5
69.0 1.46
69.5 0.6?3
-0.0
70.5
71.0 2.46 0.182 0.232 0.124 1.92
71.5
72,0 0.0995
72.5 0,561 1.59"
7310 9.58 1.37, 0.949 0.249
73.5
74.0 3,08 1.37 0.663
74.5
75.0 25.5 10.9 6.01 1.21
75.5 5.31 0.431
76.0 1.29*
"76.5
77.0 76.0 9,. 12 3.95 7.00 0.124 1.38
77 5
78.0 1.58
78.5 3.98*
79.0 27.9 8.72 2.49 1.86
79.5
80.0 2,29 0.786
60.5
81.0 9.59 1.33 0.663 0.395
81.5 0.746
82.0 *0.0829
82.5
83.0 3.35 0.199 0.434 0.663

SIGMA
DEG: 2.30 2.06 2.32 2.29 1.84 2.10

MI: 8,0 14.3 24.2 31.9 38.5 88.0



A36

Table Al (contd)

NORO-AL I "ZLA OUSAGES
SAND STORM NO. 34 U-BAR: 6.57 MFETRS/SEC
DATE 9 OCT 1963 E/Q DELTA T 11]: -1.7 DEG F
TIME 1408 PST DFLTý T [2]: -1.9 DEr F

[10 SECiCU METER) DELTA T r3]: -2.8 DUl F

ARC NO: 3 6 7 8 9 10
DIST[;1I: 200 400 600 800 1200 2400

AZ 1:4UTH
69.0 0.0871
69.5 0.0785
70.0
70,5
71.0 0.250 0.562 0.125
71.5
72.0
72.5 0.225
73.0 0.0831 0.562 0.615
73.5
74.0 0.0934.
74.5

75.0 6.48 i.90 0.1475
75.5 0.266 0.0831
76.0
76.5
77.0 8.65 0.997 0.389 0.748
77.5
78.0
78.5 0.326
79.0 11.7 0.535
79.5
80.0
80.5
S1.0 0.997 0.349
81.5
d2.0
d2.5

83.0 0.0997

SI GIA
DEG: ** 2.56 ** ** **

M : ** 17.9 ** ** **



A37

Table Al (contd)

NUR;OALIZEJ JOSAGES
SAND STORM NO. 35 U-BAR: 10.76 :4ETERS/SEC
DATE 11 OCT 1963 E/ Q DELTA T [1]: -1.3 DFC F
TIME 1447 PST DELTA T [2]: -1.6 DErn F

(106 ý)EC/CU .I.ETER] DELTA T [3]: -2.5 DEr F

ARC NO: 3 6 7 8 9 10
DIST[MI: 200 400 600 800 1200 2400

AZIMUTH
91.0 2.68 0.0572
91.5
92.0
92.5
93.0 11.4 0.111
93.5
94.0
94.5
95.0 25.5 0.234
95.5
96,0
96.5
97.0 40.0 0.409 0.181
97.5
98.0
98.5
99A0 63.8 3.04 0,294
99.5
100.0
100.5
101.0 38.3 22.1 0.490 0.0817 *0.0492
101.5
102.0
102.5 0.245 0.0927
103.0 18.0 27.6 2.01
103.5
104.0 0.508 0.164* 0.0695
104.5
105.0 6.11 13.7 1.37 0.214
105.5 1.20 0.302
106.0 0.291
106.5
107.0 0.319 4.58 0.508 1.86 0.948 0.165

SIGMA
DEG: 2.96 ** ** ** ** **

M: 10.3 ** ** ** ** **

i



A38

Table Al (contd)

NURMIAL I sEJ UJUAGES
SAND STORM NO. 36 U-RAR: 6.65 I-IFTERS/SFC
DATE 15 OCT 1963 E/Q DELTA T [1]: -0.5 DF(I F
TIME 1608 PST DELTA T (2]: -0.8 DFn F

flu- SEC/CU IIETER] DELTA T (3j: -1.6 DEr F

ARC NO: 3 6 7 8 9 10
UIST[MI: 200 400 600 800 1200 2400

AZ I HUTH
77.U 0.0823
77.5
78.0
78.5
79.0 1.96
79.5
80.0
80.5
81.0 6.85 0.247 0.0412
81.5
82.0
82.5
83.0 13.8 4.46 1.88 U.202 0.138
83.5
84.0 0.390
84.5 2.78 0.145
85.0 44.6 9.38 6.37 0.698
85.5
86.0 3.34 3.05 0.769
86.5
87.0 84.0 12.3 6.58 0.988
87.5 4.89 3.34
88.0 1.38
88.5
89.0 62.9 26.3 7.84 5.10 4.33 1.96
89.5
90.0 1.30
YO.5 6.16 4.61
91.0 9.81 5.76* 8.25 0.0576
91.5
92.0 1.21 1.23 0.105
92.5
93.o 4.18 1.22 1.96 0.0329
93.5 0.0905 0.0708
94.0
94.5
95.0 0.658 0.0947 0.0412
95.5
96.0
96.5
97.0 0.202

SI GHA
DEC: 2.48 2.35 2.72 2 23 1.91 1.96
1 l: 8.6 16.4 28.5 31.0l 40.1 81.9

I,;

I,
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Table Al (contd)

fI,.,IALIZ.EJ Ji-AGE$
SAND STORM1 NO. 37 U-BAR: 6.40 MFTFRS/SFfl
DATF 22 OCT 1963 EELTP T (I]: -0.4 UrFC F
TIL4F 1534 PST DELTA T 12J: -0.6 DEr F

1.10-6 ýLC/CU ISTEF- DFLTA T [3]: -1.1 DFT' F

ARC 1O0: 3 6 7 8 9 10
DISTI]: 200 OO 600 800 1200 2400

AZ I;AUTh
65.0 0.0406
65.5
b6.0
66.5
b7.0 0.593
b 7.5
b8.0
b8.5
69.0 4.70
b9.5

70.0
70.5
71.0 14.3 0.390Q 0.483 0.101
71.5
72.0 0.0383
72.5 0.801 0.226
73.0 12.2 6.2L 3.30
73.5
74.0 2.34 0.461
74.5
75.0 4.06 4.96 2.66
75.5 1.14 0.608
76.0
76.5
77.0 3.30 3,17 1.28 0.926 0.0790
77.5
78.0
78.5 0.171
79.0 1.36 0.343 0.631;
79.5
80.0
60.5
61.0 0.232 0.0333 0.0343
81.5
82.0
,2.5
83.0 0.0426

S I GIIA
DG: 2.G4 1.80 ** 1.67 ** **

9.2 12.5 ** 23.3 ** **

*~ 4~.-,~>*~**
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Table Al (contd)

I0R,4ALI-LJ JOJAGE3

SAND STORM NO. 38 U-RAR: 9.26 HETERS/ISC
DATE 23 OCT 1963 E/Q DELTA T [11: -1.4 DF(, F
TIM4E 1335 PST DELTAI T (2]: -1.7 DFr F

[10-6 SEC/CJ ,IETERJ DELT/ T [3]: -2.6 DFr F

ARC JO: 3 6 7 8 9 10
DIST[14]: 200 400 600 800 1200 240U

AZ I MUTH
67.0 0.0388
67.5
68.0
68.5
69.0 U.0558
69.5
70.0
70.5
71.0 0.196 0.0439
71.5
72.0
72.5
73.0 2.70 0.0782 0.0782
73.5
74.0 U.0319
74.5
75.0 7.45 0.456 0. 125 0.0518
7S.5 0.0550 u.044&
76.0 J.0917
76.5
77.0 28.4 1.34 1.03 U.196 1.28 0.156
77.5
78.0 0.187
78.5 2.03 1.61
79.0 48.7 5.82 5.01 0.257
79.5
80.0 5.82 4.05 0.877
80.5
81.U 67.6 28.4 11.3 U.696
81.5 8.6) 4.53
82.0 1.12
62.5
83.0 47.4 31.1 21.5 10.7 6.64 2. 84
83.5
84.0 1.75
84.5 9.65 6.51
85.0 25.5 30.3 16.0* 2.84
35.5
$6.0 10.5 4.26 1.34
16.5
87.0 14.0 9.25 14.0 1.12
87.5 7.32 4.31
88.0 1.05
88.5
89.0 5.97 4.47 5.26 6.45 4.87 1.05
39.5
90.0 0.317
90.5 3.78 1.05
91.0 4.95 0.337 0.555 0.124
91.5
92.0 0.555 0.772
92.5
93.0 0.597 0.134
93.5 0.0909 0.190

S1 GMA
DEC: 3.53 2.59 2.91 A.29 3.58 2.92

lI: 12.3 18.0 30.4 5.8 74.9 122.3
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Table Al (contd)

1iOR•iALI&Euj JW3AGE;
SAND STORM NO. 40 U-BAR: 6.83 !1ETERS/SEC
DATE 30 OCT 1963 E/Q DELTA 1 ([1: -1.8 DE'r F
TIME 1131 PST DELTA T [2]: -2.7 DOF F

Lio-6 SLC/CU i1ETER] DELTA T [31: -3.0 DEC F

ARC tJO: 3 6 7 8 9 10

DISTU1]: 200 400 600 800 1200 24OU

AZ 1.1 UTH
65.0 0.668 U.248
65.5
66.0
66.5
67.0 2.37 1.03 0.180
67.5
68.0 0.278
68.5
69.0 20.8 2.52 0.618
69.5 0.970 0.198
70.0
70.5
71.0 41.7 9.42 3.23 2.26 2.01
71.5
72.0
72.5 2.75 1.33
73.0 52.0 10.9 8.55
73.5
74.0 3.48
74.5
75.0 31.7 14.0 2.74
75.5
76.0
76.5
77.0 25.2* 2.70
77.5
78.0
78.5
79.0 20.4
79.5
80.0
80.5
81.0 5.51
81.5
82.0
82.5
83.0 1.40
83.5
84 .0
84.5
85.0 0.242

SIGMA
DEG: 3.39 2.38 ** ** ** **

M: 11.8 16.6 ** ** **
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Table Al (contd)

NUiIALIZEu UiJSAGE,
SAND STORMi 1O. O1i U-BAR: 8.96 MFTERS/SFC
DATE . NIOV 1963 E/Q DELTA T [11: -1.8 DEn F
TIME 1208 PST DFLTA T 12): -2.0 DFS F

t1106 3:EC/CJ AETER] DELTA T 13]: -3.1 DE, F

ARC 110: 3 6 7 8 9 10
DISTI]I: 200 1.00 600 800 1200 21400

AZ I .IUTH
59.0 0.181 0.0921 0.30. 0.361 0.166
59.5
60.0
60.5 0.594 0.640
61.0 0.474 1.17 1.09
61.5
62.0 2.28 0.697 0.09og
62.5
63.0 3.12 3.33 2.36 0.181
63.5 3.76 1.53
6'.0 0.208
6..5
65.0 5.71 5.91 5.84. 4.17 2.08 0.333
65.5
66.0 0.781
66.5 4.714 3.46
67.0 18.1 18.1 7.91. 1.02
67.5
68.0 7.30 4..10 0.757
68.5
69.0 1.6.0 20.8 10.5 0.389
69.5 9.29 5.01
70.0 0.208
70.5
71.0 55.8 17.2 11.5 7.60 2.56 0.130
71.5
72.0 0.0903
72.5 7.81 1.27
73.0 36.1 214.9 1.4 0.0369
73.5
7.0 2.92 0.130
714.5
75.0 23.6 27.7 4.66
75.5 1.38 0.0903
76.0
76.5
77.0 13.2 17.2 3.33 1.44, 0.222
77.5
78.0
78.5 2.08 0.128
79.0 19.5 7.30 2.92
79.5
80.0 1.08
80.5
81.0 6.33 1.08 0.0.10
81.5 0.0328
82.0
82.5
83.0 0.648
83.5
8%.0
84.5
85,0 0.0356

SIGMA
DEG: 4.09 4.18 4.15 4.33 3.32 2.21

H3 10.2 29.1 43.' 60.5 69.6 92.5
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Table Al (contd)

N'UHNqAL I L Eu JU6AGES

SANJD STORW NO. 42 U-BAR: 10.18 METERS/SEC
DATE 5 NOV 1963 E/Q DELTA T [1M: -1.3 DEG F
TIME 11425 PST DELTA T (2]: -1.5 DE, F

(1O- 6 SEC/CU UIETERI DELTA T (3): -2.4 DEG F

ARC JO: 3 6 7 8 9 10
DIST(MI: 200 100 600 800 1200 2400

AZ I IIUTII
57.0 0.0.16
57.5
58.0
58.5
59.0 0.0.57
59.5
6 O 0.
60.5
61.0 0.366
61.5
62.0 *0.0832 0.0665
62.5
63.0 0.665 0.0707 - 0.061.1 0.101

63.5 0.273 0.183
61 .0 0.211

65.0 1.98 0.216 0.665 0.665 0.253 0.198
65.5
66.0 0.225
66.5 0.873 0.536
67.0 7.7, 3.21 2.66 0.0915
67.5
68.0 1.16 1.16 0.0205
68.5
69.0 24..0 5.99 ,..16* 0.110

69.5 2.96 0.9g8
70.0 *0.0965

70.5
71.0 42.3 7.05 6.22 4.08 0.0832

71.5
72.0
72.5 2.05
73.0 25.3 8.12 12.7

73.5
74.0 0.183
71t. 5
75.0 19.8 14.01 1.3875.5
76.0 •

76.5
77. 0 1.75 0.374 0.01499
77.5
78.0
78.5
79.0 0.0333

S I ,.;iA
jEGr: 2.61. 2.62 2.1.0 2.1.1 1.90 *.

9.2 18.2 25.1 33.6 39.7 *
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Table AI (contd)

NOR.IIALIZ EL) iJOSAGES
SAND STOPWI NO. 43 U-BAR: 7.34 METERS/SFC
DATE 7 NOV 1953 E/Q DELTA T [1]: -1.2 DEC F
TIME 1422 PST DFLTA T (2]: -1.6 DFn F

(10-6 SEC/CU METER] DFLTA T f3]: -2.2 DFS F

ARC NO: 3 6 7 8 9 10
DISTIM]: 200 400 600 800 1200 2400

AZ 114UTH
65.0 0.261.
65.5
66.0
66.5
67.0 1.27
67.5
68.0
68.5
69.0 2.02 0.894 0.202
69.5 0.0410
70.0 0.0677
70.5
71.0 9.64 1.41 0.0902 0.100 0.0451 0.101
71.5
72.0 0.221
72.5 0.246 0.246
73.0 9.35 0.866 0.640 0.123
73.5
74.0 0.820 0.287
74.5
75.0 15.3 2.92 0.894
75.5 2.21 1.80
76.0
76.5
77.0 11.9 2.36 0.553 1.23 1.08
77.5
78.0
78.5 0.877
79.0 4.02 1.53 0.738
79.5
80.0 0.208
80.5
81.0 0.202 0.109 0.0510
81.5 0.0553

SIGMA
DEG: 2.93 3.08 ** 2.02 ** **

14: 10.2 21.5 ** 28.1 ** *

I
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Table Al (contd)

NURVIAL I ,EuJUSAGC$
SAND STOR?1 NU. 44 U-BAR: 4.48 METERS/SEC
DATE 13 NOV 1963 E/( DELTA T (11: -1.0 DEG F
TIHE 1408 PST DELTA T 121: -1.3 DEG F

.10-6 SEC/CU AETER] DELTA T [3]: -1.9 DEG,F

ARC 110: 3 6 7 8 9 10
DISTI[] : 200 U00 600 800 1200 2100

AZIMUTH
54.5 0.110
55.0 0.0363 0.0847 0.115
55.5
56.0 0.389
56.5
57.0 1.92 0.462 0.363
57.5 0.169 *0.0O•0

58.0
58.5
59.0 8.09 0.001. 0.220 0.0865 0.0888
59.5
60.0
60.5 0.001. 0.0565
61.0 2.1.! 0.0161 0.2142
61.5
b2.0 0.0.94 0.0351
62.5
63.0 0.936 0.199 0.0775
63.5 0.0514 *0.0387
64.0 0.0605
64.5
65.0 0.520 0.218 0.0815 0.001. 0.0565

65.5
66.0
66.5 *0.0533
67.0 0.1.. 0.068b 0.0605
67.5
68.0 0.0701
68.5
69.0 0.0625 0.0781. 0.0161
69.5
70.0
70.5
71.0 0.0350

S ; GMA
DEG: 2.30 ** ** ** ** **

11: 8.0 ** ** ** ** *
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Table A2. Remarks Concerning Table Al

Run Position Remarks

2 3-53 Interpolated; dead engine, gas 2/3 full.

3 5-65 Interpolated; dead engine, gas full.

5-77 Estimated; 1/2 filter missing.

9-73 Interpol1ated; dead engine, gas full, cock closed.

9-75 Interpola'ld; dead engine, gas full, cock closed.

9-81 Interpolated; dead engine, gas full, cock closed.

9-83 Interpolated; dead engine, gas full, cock closed.

10-77 Interpolated; sample lost.

10-78 Interpolated; filter torn.

5 2-53 Interpolated; dead engine, gas 3/4 full.

7-53 Interpolated; dead engine, gas 2/3 full.

7-71 Interpolated; sample lost.

9-65 Interpolated; sample lost.

9-67 Interpolated; dample lost.

9-77 Interpolated; sample spilled.

10-62 Interpolated; filter damaged.

10-75 Interpolated; sample lost.

10-76 Interpolated; sample lost.

6 5-83 Interpolated; filter lost.

7 1-57 Interpolated; extremely low assay, no explanation.

5-59 Interpolated; filter lost.

11 4-53 Interpolated; filter lost.

6-68 Interpolated; filter damaged.

9-55 Interpolated; engine dead, gas full, cock closed.
10-71 Interpolated; filter lost.

12 1-57 Interpolated; engine dead, gas 3/4 full.

7-77 Interpolated; engine dt-ad, gas full.

14 7-89 Jnterpolated: dead cioLine. gas full, cock closed,

10-90 Interpolated; dead o -gine, gas full, cock closed.

16 1 3-85 Interpolated; dead engine, gas 3/4 full.

6-99 Ilterpolated; dead engine, gas 3/4 full, -j.gigae seized.

6-103 Interpolated; dead engine, gas 3/4 full. engine seized.

8-96.5 Interpolated; dead etigine, gas full, c,,'l closed.

9-102.5 Interpolated; dead engine, gas 3/4 fi ngine seized.

10-90 Interpolated; no sample collected.

Preceding Page Blank
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Table A2. (contd)

Run Position Remarks

17 9-81.5 Interpolated; low vacuum,

18 3-67 Interpolated; engine dead, gas full.

6-63 Interpolated; engine dead, gas 3/9, engne seized.

6-69 Interpolated; low vacuum,

6-73 Interpolated; orifice plugged.

9.57,5 Interpolated; engine dead, fuel cap off.

9-59 Interpolated; engine dead, fuel cap off.

2( 3-67 Interpolated; dead engine, gas 1/2 full.

8-86 Interpolated; filter torn.

9-78.5 Interpolated, dead engine, gas 1/2 full.

9-83 Interpolated; sample spilled.

9-89 Interpolated, low vacuum.

10-61 Interpolated, filter lost.

10-64 Interpolated, dead engine, gas 3/4 full.

21 3-85 Interpolated; dead engine, gas 3/4 full, engine seized.

6-71 Interpolated; dead engine, fuel cap off.

C-83 Interpolated; dead engine, fuel cap off.

8-71 Interpolated; dead engine, gas full.

8-75.5 Interpolated; sample spilled.

9-74 interpolated; low vacuum.

9-86 Interpolated; dead engine, gas full.

10-73 Interpolated; dead engine, gas 3/4 full.

10-81 Interpolated; filter torn.

10-84 Interpolated; dead engine, gas 3/4 full.

22 3-95 Interpolated; dead engine, gas full.

6-93 Interpolated; dead engine, gas 1/2 full.

6-103 Interpolated; filter lost.

24 3-91 Interpolated; dead engine, gas 3/4 full.

8-81.5 Interpolated; dea-i'en!ine, gas 3/4 full.

10-87 Interpolated; damaged filter.

25 , 3-69 Interpolated; low vacuum.
8-78.5 Interpolated; damaged filter.

26 8-62 Interpolated; damaged filter.

9-75.5 Interpolated; lost filter.

9-60.5 Interpolated; sample spilled.
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Table A2 (contd)

Run Position Remarks

26 9-65 Interpolated; dead engine, gas full,

10-64 Interpolated; filtei lost.

10-69 Interpolated; !ead engine, gas 3/4 full, seized engine.

27 7-65.0 Interpolated; damaged filter.

8-65.0 Interpolated; damaged filter.

9-57.5 Interpolated; dead engine, gas 3/4 full.

10-59 Tnterpolated; filter lost.

10-62 Interpolated; low vacuum.

28 3-67 Interpolated; dead engine, gas 1/2 full.

29 3-79 Interpolated; damaged filter.

3-85 Interpolated; dead engine, gas 3/4 full.

6-77 Interpolated; dead engine, gas full.

7-73 Interpolated; damaged filter.

9-72.5 Interpolated; spilled sample.

9-80 Interpolated; dead engine, gas 3/4 full.

9-83 Interpolated; dead engine, gas 3/4 full.

30 3-89 Interpolated; dead engine, gas full.

9-87.5 Interpolated; dead engine, gas 1/2 full.

9-105.5 Interpolated; dead engine, gas 1/2 full.

10-85 Interpolated; damaged filter.

10-87 Interpolated; damaged filter.

10-88 Interpolated; damaged filter.

10-91 Interpolated; dead engine, gas full.

10-99 Interpolated; dead engine, gas 1/2 full.

31 8-90.5 Interpolated; dead engine, gas full.

32 3-75 Interpolated; de•,d engine, gas 3/4 full.

7-75 Interpolated; d-ad engine, gas 3/4 full.

9-86 Interpolated; dead engine,

10-83 Interpolated; lost filter.

33 8-78.5 Interpolated; damaged filter.

9-72.5 Interpolated; damaged filter.

1U-76 Interpolated; spilled sample.

10-82 Interpolated; damaged filter.

35 9-101 Interpolated; damaged fil r.

9-104 Interpolated; damaged filter.
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Table AZ (c )ntd)

Run Position Remarks

36 6-91 Interpolated; dead engine, fuel line off.

37 6-71 Interpolated; damaged filter.

38 7-85 Interpolated; spilled sample.

40 3-77 Interpolated; dead engine, gas 3/4 full.

42 7-69 Interpolated; lost filter.

8-62 Interpolated; dead engine, gas 314 full.

10-70 Interpolated; dead engine, gas 3/4 full.

44 9-57.5 Interpolated; lost filter.

9-63.5 Interpolated; damaged filter.

9-66.5 Interpolated; dead engine, gas 3/4 full.
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Table A3. Source Data

Experiment Date Weight of Expended FPr-ina Duration
Number (1963) Propellant (pounds) (secondsl

2 27 March 7.20 5.4
3 8 April 25.00 5.0
4 19 April Unknown Unknown
5 24 April 7.60 5.1
6 6 May 15.04 3.9
7 8 May 15.05 8.0
8 22 May 14.90 4.9
9 23 May 14.77 5.0

10 29 May 25.74 2.5
11 10 June 25.95 2.4
12 12 June 25.95 2.5
13 14 June 24.90 8.0
14 19 June 15.00 4.7
16 9 July 23.07 6.3
17 11 July 22.54 7.5
18 15 July 14.51 4.2
19 17 July 13.96 5.3
20 26 July 30.43 7.8
21 30 July 30.52 8.1
22 9 August 30.85 8.5
23 16 August 30.69 7.7
24 19 August 29.97 7.7
25 21 August 65.81 7.1
26 22 August 66.53 7.2
27 27 August 65.56 7.1
28 30 August 65.47 7.1
29 10 September 65.88 7.3
30 I1 September 65.75 7.2
31 12 September 64.95 7.8
32 16 September 65.75 7.3
33 8 October 39.71 5.3
34 9 October 39.60 5.9
35 I1 October 65.92 7.6
36 15 October 65.45 7.3
37 22 October 66.31 7.9
38 23 October 67.53 7.5
39 29 October 22.54 8.2
40 30 October 15.00 5.0
41 4 November 65.66 6.8
42 5 November 64.78 7.0
43 7 November 65.68 8.1
44 13 November 66.75 7.7

J
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Appendix B

P"toteodolite Data

The data presented in this appendix were taken from three phototheodolite

cameras, \,ouel KTtt 53. The cameras were pulsed simultaneously at a rate of

four frames per second and recorded the azimath and elevation of the aiming

point as well as the time. One camera was positioned approximately one-third

mile upwind of the firing pad. The other two were positioned approximately one

mile from the firing pad on a line normal to the centerline of the sampling grid.

Camera locations relative to the firing pad and sampling grid are shown in

Figure 6 of Chapter III in the report. Triangulation with the camera closest to

the firing pad and either of the other two cameras sufficed to fix the position in

space and time of any portion of the cloud observed by the two cameras.

For many of the experiments it was possible to identify only the top of the

cloud from two camera positions simultaneously. Consequently the height, rate

of rise, and the rate of trinsport of the top o! the cloud was the only informa-

tion obtained from those experiments. I[or other- it was possible to determine

the crosswind dimension fronm the angular width takvn from pictures made by

the upwind camera. I[or a few experiments the dimension in the direction of

travel was *etermined from the angular spread of the cloud in pictures made by

one or both of the other two cameras. It was never possibl,. , -we,'er, to identif%

both the top an,' thr base of the visible c'lou'd Siu•ltaneous •*. so that •sti rnates.

of the height of th):; ,lOud'.( center were not pogsible; hence, we were unable 'o

:fe:er, in, th,, effective so,,rce height A ith rea. sonable ac urac,,

ti
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Adverse weather conditions, such as blowing sand which could damage cam-

era lenses and haze which made cloud definition poor, as well as priority com-
mitments of camera crews, reduced the number of diffusion experiments sup-

ported by phototheodolite measurements to 32. Of these, some were of less than

20 seconds duration.

The tabulations which follow present the position of the cloud top and the

cloud width and length as a function of time after the cl,,ud was first observed

by one of the cameras. This time can be taken to be about I to 2 seconds after

ignition. The X coordinate is oriented along the centerline of the 90-degree

sampling grid, that is, the 062-degree true azimuth from the firing pad. The

Y coordinate is normal to the X coordinate, with positive values to the south

and negative values to the north.

-4



B3

Table B 1. Phototheodolite Data

SAND STORM NO, 2

DATE: 27 Mar 63

TIME POSITION OF TOP WIDTH LENGTH

Z xz y x

(seconds) (feet) (feet) (feet) (feet) (feet)

3 15.9 - b.5 146.1
4 18.2 - 3.2 179.3
S 21.5 - 6.8 214.4
6 23.0 -10.1 2Si.1
7 25.5 - 9.1 288.3
8 22.5 -17.9 31b.8
9 23.6 -24.S 350.3
10 25.3 -13.8 401.3
11 25.5 -17.9 433.6
12 27.4 -28.0 462.6
13 26.5 -32.9 510.8
14 29.5 -38.6 537.7
15 29.9 -41.4 562.9
lb 35.3 -56.8 580.7

SAND STORM NO. 3

DATE: 8 Apr 63

TIME POSITION OF TOP WIDTH LENGTH

Z Y x

(seconds) (feet) (feet) (feet) (feet) (feet)

2 18.5 17.U 99.2 13.8
3 23.2 2b.1 133.4 26.6
4 24.8 28.9 150.9 31.8
s 29.2 32.8 183.3 4s.9
b 34.9 42.0 214.4 4S.4
7 39.0 44.6 244.9 51.9
8 43.8 46.2 272.8 61.1

9 49.8 58.0 299.7 68.0
10 53.b 57.2 338.2 711.8
11 03.8 bS.0 360.8 75.7
12 73.5 71.7 39b.S 79.4
13 83.2 77.8 427.3 77.4
14 95.4 86.2 463.4 85.3
is 103.1 85.2 496.7 96.6
16 110.8 96,6 S34.6 104.0
17 118.4 106.1 $b4.1
18 133.8 b .. 606.3
19 139.5 121.2 b51.0 106.5
20 152.3 135.3 691.b 106.3
24 177._ 18_,1 848__.3 134._
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Tablc BI (contd)

SAND STORM NO. 4

TE: 19 Apr 63

TIME POSITION OF TOP WIDTH LENGTH

z y

(seconds) (feet) (feet) (feet) (feet) (faet)

2 2.3.3 1.2 106.1

3 29.6 13.0 ISI.8

4 41.4 S.6 196.,
s 48.8 5.6 *. I
6 54.8 4.3 2
7 61.0 513 33 I ,

8 71.4 .2 34, 34.1
9 73.7 13.3 420.9,

10 80.0 11.7 465.1

11 86.9 15.8 s$o.1

12 95.3 23.5 554.9

I

1



Table BI (c,)ntd)

SAND STORM NO. 6

DATE: 6 May 63

TIME POSITION nF TOP WIDTH LENGTH

7 Y X

(seconds) (feet) (feet) (feet) (feet) (Veet)

0 4.9 2.2 14.8 4.8
1 16.1 20.3 74.4 31.0
2 31.9 35.3 110.3 38.3

3.9.4 44.6 128.5 55.0

4 46.9 52.4 14u..8 S9.7
5 52.2 b1.0 171.S 67.2
6 S1.5 b9.S 194.0 72.4
7 59.2 76.8 214.7 76.4

8 54.9 85.5 242.0 77.7
9 56.o 99.9 283.5 65.8

10 61.5 99.8 301.3 87.0
11 64.0 106.1 326.2 92.4

12 73.4 113.0 3S1.4 89.5
13 84.8 128.0 374.3 89.1
14 89.U '.9.9 400.4 93.4
is 9?' 1 ! 34.3 427.5 90.7
10 102.4 13s.0 4S3.4 94.9

.7 I.9 14J.7 47 7. U 96.8
18 112.0 i4ag 49&,7 99.5

108.. I5s.5 S26.7 101.9
20 15.8 16b4. $S1.o 106.4

25 144.9 196.4 086.0 113.5

30 153.3 21513 788.9
31 164.3 231.9 ,

I _________________ ________________________
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Table BI (contd)

SANiD STORM .40,7

DATE: 8 May 63

TIME PO31TION OF TOP WIDTH LENGTH

z y Jx
(secondst)(eet) (,eet, (feet) (feet) (feet)

0 10. 6.5 43.2
i 19.7 i2.7 85.7
2 28.1 25.7 131.4
3 40.3 23.4 165.4
4 46.2 i8,5 179.7
5 52.3 19.4 219.2
6 zo.4 15.9 242.9
7 64.8 16.8 271.6
8 7357 18.0 294.6
9 77.5 15.9 341.4

10 80.3 7.2 374.5



B7

Table BI (contd)

SAND STORM NO, IC

DATE: 27 Hay 63

TIME POSITION OF TOP WIDTH LENGTH

Z Y X

(seconds) (feet) (feet) (feet) (feet) (feet)

0 17.2 8.9 77.7

1 30.1 28.2 i06.9
2 31.8 31.9 127.8

3 33.8 4b.0 164.6
4 44,5 48.9 174.2
5 52.0 66.3 225.6

6 62.1 75.2 234.7
7 71.6 76.1 246.3

8 75.7 77.1 251.3
9 78.U 75.8 249.7
10 89.8 80.9 268.3
11 92.2 82.9 276.0
12 95.0 84.2 288.7
13 98.2 90.3 303.5
14 101.0 91.4 306.9
15 110.2 92.5 319.1
16 117.5 94.0 326.0
17 120.1 100.1 337.5

18 123.8 103.3 35i.9
19 131.i 105.9 358.9
20 138.8 103.4 374.1

25 175.0 106.3 447.1
30 210.4 98.8 S31.8
35 244.9 105.7 608.2
36 252.8 109.1 624.1

4;

p?
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Table Bi (coritd)

SAND STORM NO. 13

DATE: 14 June 63

TIME POSITION OF TOP WIDTH LENGTH

(seconds) (feet) (feet) (feet) (feet) (feet)

0 8.2 2.1 20.7
1 18,2 10.0 65.0
2 24.9 14.7 86.3 44.0

1 27.9 21.4 126.0 51.4
4 38.7 24.8 142.9 60,1
5 49.3 21.2 151.2
6 55.7 21.2 i59.t 66.4
7 60.1 19.8 170.3 68.3
8 64.5 18.9 176.0
9 69.8 20.7 186.7

10 74.0 29.0 217.8
11 83.5 26.8 221.7 80.8
12 91.8 24,9 225.7
13 96.3 19.5 231.6 82,3
14 104.8 18.6 237.4
15 114.1 18,,5 246.0 88.7
16 119.5 19.9 2S0.6
17 128.4 21.7 259.5
18 136.4 23.4 261.2
19 139.7 27.2 27i.2
25 162.4 70.0 374.0
30 196.1 91.1 417,9
35 225.4 110.5 463.5
40 240.9 147.8 491.3
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Table BI (contd)

SAND STORM NO. 14

DATE: 19 June 63

TIME POSITION OF TOP WIDTH LENGTH

z Y x

(seconds) (feet) (feet) (feet) (feet) (feet)

0 12.0 9.9 38.6
1 19.1 28.7 76.5 36.5
2 18.8 37.6 91.6 47.0
3 19.8 so.9 137.3 61.2
4 28.4 63.7 166.1 s.9
s 31.7 00 0 181.4
6 39.4 67.4 194.4 67.3
7 43.1 66.0 204.7 68.3
a 44.9 76.1 225.8 68.9
9 50.2 84.9 243.0

10 S5.6 92.8 254.5 69.6
11 57.7 93.7 261,6
12 59.7 107.0 282.4 72.8
13 65.7 106.8 300.9 74.4
14 67.S 118.2 31U.5
1s 70.0 122.5 318.2
16 81.5 116.9 332.8 78.5
17 83.0 129.2 346.0 76.9
18 87.4 133.0 357,1 81.0
19 89.4 132,1 372.8
20 93.7 143.1 391.2
25 112.5 173.0 456.6

________________ ________________ ________ _______________
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Table BI (contd)

SAND STORM NO. 16
DATE: 9 July 63

TIME POSITION OF TOP WIDTH LENGTH

z Y x

(seconds) (feet) (feet) (feet) (feet) (feet)

0 3.8 3.8 16.8
1 18.b 25.4 81.3
2 25.4 23.7 107.6
3 30.5 33.1 119.5
4 33.3 42.5 131.1
5 34.1 45.8 135.b
6 36.S 56.5 1b8.4
7 43.6 60.7 188.0
8 47.6 62.1 192.2
9 49.1 b7.0 203.0

10 55,8 72.8 215.8
11 59.3 83.7 234.5
12 66.4 8; ,7 250.3
13 70.0 87.7 267,6
14 69.7 96.0 278.4
1s 76.4 100.4 304.9
1b 81.7 I104.2 313.7
17 88.8 110.2 328.1
18 66.7 119.4 )35.0

SAND STORM NO. 17

DATE: 11 July 63

TIME POSITION OF TOP WIDTH LENGTH

z Y x

(seconds) (feet) (feet) (feet) (feet) (feet)

0 7.1 1.1 .3 6.7
1 12.8 U.l 20,9 21.8
2 23.1 24.9 72.9 41.5
3 32.0 30.6 108.7 51.4
4 35.4 32.4 129.4 b2.5
5 39.2 39.5 154.2 71.9
6 41.7 34.5 169.0 78.1
7 47.1 39.3 177.U 83.9
8 48.1 47.3 188.6

53.0 5 4 .S 218.4 91.2
10 S8.2 1.i1 229. 7 91.5
11 b5.8 bb.9 248.6 91.9
12 08.4 74.0 259.4 t92.4



BIl

Table B1 (cortd)

SAND STORM NO. 18

DATE: 15 July 03

TIME POSITION OF TOP WIDTH LENGTH

Z Y X

(seconds) (feet) (feet) (feet) (feet) (feet)

S 18.8 11.3 65.6
2 19.9 8.8 106.2
3 26.0 8.5 138.5
4 29.9 11.2 1b6.4
5 35.4 9.3 194,4
6 40.0 6.1 223.0
7 45.2 8.9 250.9
8 49.2 b.9 276.0
9 53.0 9.9 295.9

10 57.4 7.2 318.1
11 63,b 21.,0 339.8
12 71,2 22.3 366.2
13 78.6 25.3
14 83,6 23.4 413.2
15 87.9 24.5 447.0
16 93.0 25.1 467.7
17 98,9 20.0 496.5
18 103.8 18.5 522.4
19 109.2 18.2 547.2
2U 112.6 18.6 573.0
25 127.6 14.3 691.4
30 142.7 9.1 822.7
34 153.5 - 7.7 887.3

- . _ _ _ _ _ _ _ _ _
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Table B 1 (contd)

SAND STORM NO. 19
DATE: 17 July 63

TIME POSITION OF TOP WIDTH LENGTH

z Y x

(seconds) (feet) (feet) (feet) (feet) (feet)

0 6.8 6.6 17.7
1 14.1 22.. 71.5 29.8
2 20.b 31.2 108.7 41.1
3 25.5 4..0 147.7 31.5
4 23.9 41.5 154.0 56.1
S 26.s 48.5 170.3 60.3
6 28.1 S7.9 196,6 67.7
7 30.0) 64.S 216.8 ()8.U
8 39.4 80.8 2(3.b 74.5
9 4S.1 91.3 287.0 79.2

10 45.9 101.5 311.4
11 54.2 120.0 335.7 92.1
12 62.9 135.3 354.2
13 74.1 1b1.4 398.3 98.2
14 78.2 157.9 419.6
Is 88.9 169.2 460.3
16 92.7 179.1 494.4 109.0



BI3

Table BI (contd)

SAND STORM NO. 20

DATE: 26 July 63

TIME POSITION OF TOP WIDTH LENGTH

z Y X

(seconds) (feet) (feet) (feet) (feet) (feet)

0 13.1 11.5 55.2
1 21.0 21.5 95.9
2 25.8 27.7 126.2
3 29.7 32.3 150.1
4 33.5 36.2 178.0
5 38.7 39.1 199.3
6 45.7 47.9 225.3
7 54.7 49.3 244.4
8 64.0 S4.1 264.5
9 72.6 56.3 278.8

10 80.0 54.6 291.1
11 87.0 57.5 307.9
12 92.6 62.3 322.6
13 97.9 67.7 338.3
14 103.9 71.1 352.6
15 108.1 74.8 368.5
16 113.7 77.8 385.4
17 116.9 75.8 400.8
18 123.5 74.9 410.2
A 131.5 82.0 433.9
20 135.9 83.7 449.9
25 169.0 98.2 519.3
30 199.4 120.5 S87.6
35 233.0 142.4 676.6
40 268.5 175.8 722.3
45 297.5 238.7 783.6
48 307.5 263.3 797.8

i
q
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Table BI (contd)

SAND STORM NO. 21

DATE: 30 July 63

TIME POSITION OF TOP WIDTH LENGTH

z Y x

(seconds) (feet) (feet) (feet) (feet) (feet)

0 4.2 2.0 22.3 5.9
1 19.2 16.6 81.5 44.9
2 24.5 12.4 124.8 57.0
3 28.6 20.5 176.6 65.4
4 34.9 69.1 206.6 65.9
5 40,2 83.4 237.3 69.9
6 45.8 91.5 273.1 76.5
7 51.8 100.8 307.1 80.3
8 57.3 111.5 340.1 86.7
9 61.4 122.8 383.9 94.4

10 63.5 129,9 402.7
11 70.3 137.6 435,7
12 74.3 149.8 405.9
13 82.0 157.1 501.2
14 87.3 171.4 531.7
15 93.6 180.0 562.5
16 98.3 187.5 584.7
17 104.6 198.0 621.4
18 110.1 201.1 654.4
19 114.7 209.0 b84.4
20 120.0 216.3 715.5
25 137.7 240.8 850.5
30 159.5 284.8 1010.1
3s 190.9 319.8 1157.7
49 208.1 330.5 1299.4
4S 222.2 387.2 1453.S
48 231.0 307.4 1530.7



BI5

Table BI (contd)

SAND STORM NO. 22

DATE: 9 Aug 63

TIME POSITION OF TOP WIDTH LENGTH

z y x

(seconds) (feet) (feet) (feet) (feet) (feet)

0 4.9 4.0 19.2
1 18.9 24.3 66.2
2 21.8 37.6 100.1
3 20.4 42.8 130.7
4 28.2 63.2 ISM
5 33.0 75.3 168.7
6 35.6 85.9 185.0
7 44.2 93.3 200.9
8 48.3 103.0 217.5
9 55.4 104.8 240.5

10 62.6 117.4 261.S
11 68.0 127.7 275.2
12 70.6 135.9 284.1
13 74.S 136.9 298.7
14 80.4 142.9 308.0
is 87.0 150.1 31S.0
16 92.5 155.8 326.1
17 9S.S 162.6 340.5
18 104.8 173.9 351.6
19 109.0 182.7 362.7
20 116.5 194.0 386.5
25 117.4 250.7 457.5
30 133.8 307.8 S22.0
35 145.6 353.2 610.8
40 153.6 395.7 666.4
45 166.7 440.0 762.2
so 162.3 543.2 823.6
54 165.3 562.1 871.9



B16

Table B13 (contd)

SAND STORM NO. 23

DATE: 16 Aug 63

TIME POSITION OF TOP WIDTH LENGTH

z Y x

(seconds) (feet) (fget) (feet) (feet) (feet)

0 9.9 8.7 28.5 11.2
2 23.2 28.2 84.5 35.9
2 37.7 33.9 110.5 47.0
3 45.1 38.6 13b.1 47.3
4 49.7 43.6 lbO.5 54.6
5 51.3 47.0 182.9 53.7
6 50.5 b1.8 252.7 58.2
7 53.4 b4.S 275.4 63.2
8 55.8 72.1 302.7 be's
9 56.0 75.3 32b.5 72.6

10 57.6 80.6 356.0 79.c
11 56.5 84.3 371.9 86.3
12 57.0 93.0 410.4 84.5
13 57.1 96.6 439.1 94.8
14 58.8 101.6 472.4 96.7
IS 60.6 104.4 481.8 107.4
16 62.2 106.4 517.1 112.4
17 61.7 108.9 53/.2 118.3
18 63.7 117.3 567.7
19 64.2 119.4 593.1
20 64.4 126.9 619.4
25 b9.8 107.0 740.6
"27 75.0 119.2 811.4
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Table BI (contd)

SAND STORM NO. 25

DATE 21 Aup 63

TIME POSITION OF TOP WIDTH LENGTH

z y x

(seconds) (feet) (fret) (feet) (feet) (feet)

0 3.6 2.9 5.8 5.8
S17.1 28.9 91.3 43.9

2 28.4 25.0 120., 6S.3
3 36.1 48.6 14b.3 71.U
4 44.1 5,.0 16s.6 86s.

5 47.U 61.5 184.5 87.4
b 52.6 72.4 203.7 101.o
7 53.7 8O.1 225.8 111.3
8 55.0 85.1 247.3 118.0
9 57.2 89.4 268.0

10 o3.9 93.2 285.t,
11 67.2 1o0.7 302.2
12 69.3 111.5 321.2
13 71.3 '16.9 341.5
14 74.0 127.9 360.0
is 77.0 155.3 40b.9
10 83.9 1(8.8 440,9
17 89.5 177.8 455.9
18 97.1 192.1 478.2
19 105.7 203.7 ýu0.,
20 113.b 210.4 521.6
25 100.1 260.3 623.9
30 201.5 300.5 730.3
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Table BI (contd)

SAND STORM NO. 26

DATE: 22 Aug 63

TIME POSITION OF TOP f WIDTH LENGTH

(seconds) (feet) (feet) (feet) (feet) (feet)

1 21.4 10.3 81.0
2 30.8 6.6 163.2
3 43.5 8.8 199.8
4 54.0 10,0 249.8
s 64.1 12.6 288.S
6 71.4 9.3 324.7
7 72.4 14.9 364.S
8 76.5 19.2 416.2
9 78.1 3.3 440,7

10 77.2 4.4 478.8
11 86.2 -3.5 519.7
12 89.0 .0 550.7
13 93.4 .8 583.2
14 94.8 -2.2 618.5
1s 98.2 1.4 656.1
16 97.7 4.5 689.2
17 101.4 7.5 727.S
18 104.1 25.1 829t6
19 110.9 25.1 873.0
20 111.2 28.3 913.2
25 124.4 39.8 1120.1
29 135.6 40.2 1263.4
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Table BI (contd)

SAND STORM NO. 27

DATE: 27 Aug 63

TIME POSITION OF TOP WIDTH LENGTH

z y x

(seconds) (feet) (feet) (feet) (feet) (feet)

0 8.0 8.3 45.4 13.7
1 20.7 19.8 100.2 38.5
2 34.1 24.5 127.8 64.3
3 41.2 26.0 147.6 80.4
4 43.5 31.1 164.0 93.3
5 46.1 30.4 179.1 101.3
6 47.2 38.5 245.2 110.0
7 51.0 41.8 310.8 121.9
8 57.7 45.5 334.4 138.1
9 62.0 46.8 358.7 146.5

10 67.2 44.4 339.7 151.8
11
12
13 84.5 38.6 463.7 167.8
14 87.9 46.6 488.5 160.6
15 92.7 51.3 512.0 174.2
16 96.9 44.1 539.0 181.1
17 101.3 40.9 563.6 189.5
18 106.4 44.0 587.5 190.2
19 110.4 38.1 606.5
20 114.8 44.2 630.6
25 131.7 23.3 771.4
30 147.7 15.6 844.3
35 164.8 26.1 965.2
40 -18.8
45 21'. -22.7 1i98.0
so 238.2 -19.9 1307.9
55 260.2 - 6.5 1439.1
60 271.0 -10.5 1558.4
65 278.6 .6 1687.9
70 289.9 - 1.7 1816.2
75 304.4 3.8 1959.5
80 307.5 10.5 2099.7
85 312.5 19.8 2196.4
90 321.3 19.8 2313.2
95 331.1 13.1 2451.6
98 341.4 21.9 2529.3

ii
1i
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Table BI (contd)

;AND STORM NO. 28

DATE: 30 Aug 63

TIME POSITION OF TOP WIDTH LENGTH

z I x

(seconds) (feet) (feet) (feet) (feet) (feet)

0 11.2 6.6 34.7 18.5
1 20.5 10.7 89.0 37.6
2 29.7 23.1 132.3 1 62.3
3 30.2 35.8 168.5 71.1
4 38.5 40.5 209.2 7;.9
5 46.1 45.0 234.7 90.0
6 53.2 49.4 266.1 96.0
7 60.1 56.6 284.4 W04.1
8 6S.6 62.8 .".9 112.6
9 73.S 64.3 342.3

10 78.9 36S.6
11 85.8 74.7 388.2 115.0
12 94.0 76.7 417.7 118.5
13 95.9 87.1 438.2 120.7
14 101.5 92.7 461.6 125.2
15 106.0 98.1 488.1 130.0
16 113.9 103.9 515.6
17 119.0 111.3 540.5
18 119.9 116.8 S66.7
19 127.4 120.2 591.8 138.9
20 136.6 124.3 613.9 139.7
25 164.5 145.4 722.6 155.7
30 208.3 170.5 828.2
35 254.7 107.0 964.3

:4
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"Table B! (contd)

SAND STORM NO. 29

DATE: 10 Sept 63

TIME POSITION OF TOP WIDTH LENC";;

z y X

(seconds) (feet) (feet) (feet) (feet) (feet)

0 6.2 7.2 28.7
1 26.8 15,4 78.1
2 35.3 21.8 139.9
3 47.8 25.4 160.5
4 55.3 32.4 183.8
5 60.4 38.5 207.6
6 63.7 45.2 230.0
7 67.4 54.1 260.7
8 71.1 64.3 307.5
9 79.4 82.8 328.3

10 87.8 84.7 3S2.9
11 94.4 102.6 376.6
12 102.5 98.8 406.4
13 108.8 114.4 440.4
14 120.3 120.0 474.4
15 125.7 130.0 506.1
16 124.3 144.5 539.7
17 130.5 155.9 563.2
18 139.3 170.8 600.2
19 148.6 179.8 632.8
20 152.0 193.3 665.S
25 181.2 227.9 812.2
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Taule BI (contd)

SAND STORM NO. 30

DATE: 11 Sept 1963

TIME POSITION OF TOF WIDTH LENGTH

z y

(seconds) (feet) (feet) (feet) (feet) (feet)

0 2.6 5.5 21.1
1 23.5 24.6 88.42 34.0 35.2 iclo 8
3 38.1 47.7 143.S
4 41,9 56.2 174.2
S 48.2 63.7 194.7
6 59.0 72.3 213.2
7 68.1 7,.4 to. 9
8 77.0 86.7 238.1
9 64.3 94 ., 248.5

10 68.1 lf.A• 261.7

11 67.5 107 O) 279.7
12 72.6 1L.3.3 297.4
13 77.0 121.6 311.2
14 81.0 U9.9 327.a
is 81.0 140.0 350.7
16 85.6 145.0 367.1
17 93.2 145.0 377.8
18 100.8 165.0 398.9
19 106.1 170.5 412.3
20 111.9 181.8 424.9
25 134,6 209.0 494.8
30 162.8 240.0 559.7
3S 193.2 301.5 620.4
40 218.9 335.1 660
45 235.8 367.5 725.0
50 254,3 409.3 807.8
55 2/.$,8 45.9 871.3
60 293.b 497.8 937.7
65 312.0 534.3 1004.2
73 327.3 558.9 1082.2
75 339.3 585.6 1159.6

4
1._ _ _ _ _ _ _ _

I



SAND STORM NO. 31

DATE: 12 Seat 63

TIME POSITION OF TOP WIDTH LENGTH

Z Y x

(seconds) (feet) (feet) (feet) (feet) (feet)

0 5.3 6.8 25,9 6.4
1 21.7 19.4 84.3 37.5
2 29.2 40.8 146.3 SS.S
3 38 5 50.8 184.2 68.1
4 48.2 67.7 224.6 81.3
S 57.0 78.4 250.7 94.7
6 66.4 88.5 276.0 103.3
7 71.0 102.C 309.5 111.9
8 77.2 112.9 337.7 126.5
9 84.9 127.2 366.2 129.7

10 89.0 173.8 385.5 138.2
11 96.4 175.1 121.6 139.0
i2 102.9 188.5 451.9 144.1
13 110.E 210.9 432.8 150.9
14 119.5 232.7 ES3.3 160.5

126.2 254.7 548,0 169.1
16 135.7 285.9 617.1 181.5
17 135.5 288.6 609.8 184.9
18 141.9 313.1 642.7 200.4
19 147.3 329,1 t32.S 210.1
20 149.3 347.6 706.4 222.4
25 166.0 435.3 866.7
30 17,.8 498.9 1042.3
35 196.3 b28.2 1180.3
40 219.8 734.6 1338.9

4

I _ I ___I____I_____
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"Table BI (contd)

SAND STORM NO. 32

DATE: 16 Sept 63

TIME POSITION OF TOP WIDTH LENGTH

z y x

(seconds) (feet) (feet) (feet) (feet) (feet)

0 12.0 8.0 37.3
1 2S.0 22.6 88.3
2 32.0 37.9 142.1
3 39.2 4S.4 175.5
4 47.0 S4.0 205.3
5 51.4 65.5 239.9
6 58.2 76.1 267.5
7 65.4 84.3 297.6
8 70.2 88.8 319.0
9 75.0 98.9 342.8

10 79.3 111.7 378.2
11 85.3 121.8 404.1
12 93.6 135.9 432.2
15 no9.0 !• 6.6 457.3

14 104.4 153.0 474.9
15 111.2 167.9 50S.0
16 117.0 180.5 530.1
17 122.2 192.7 554.5
18 127.7 203.1 589.2
19 133.6 213.9 611.3
20 139.5 222.1 639.0
25 17S.9 283.4 771.3
30 198.6 327.5 898.1
35 230.8 382.7 1048.2
40 245.6 422.4 1181.1
4. :46.0 -449.1 1234 9

i



Tidflr I (rnti

SAND STORM NC. 34

DATE: 9 Oct 6b.

TIME POSITION OF TOP WIDTH LENGTH

z y x

(seconds) (feet) (feet) (feet) (feet) (feet)

0 17.0 18.8 76.5 29.4 23.5
1 32.3 26.8 103.2 42.3 33.6
2 33.5 34.2 143.7 65.5 60.6
3 39.1 39.2 151.3 69.8 78.0
5 48.4 47.6 192.6 81.6 111.3

54.3 62.2 228.1 90.6
7 61.5 66.1 251.1 127.4
8 65.0 66.7 275.7 96.3
9 69.5 73.9 297.2 102.8 133.4

10 77.3 78.9 310.2 139.1
11 83.0 82.0 327.2 151.5
12 92.4 89.2 347.4
13 99.5 A0.7 366.3
14 10'.4 97.0 383.6
is 115.7 105.2 396.3
16 124.8 111.0 416.5
17 132.4 116.3 432.5
18 140.8 122.7 448.9
19 148.7 131.2 468.9
20 157.4 134.4 485.7
25 210.2 159.1 585.5
30 255.5 161.2 670.6
35 293.1 190.1 762.1
40 332.9 216.2 852.9
45 368.2 252.4 958.7
50 397.1 268.0 1008.7
60 468.8 330.7 1229.2
65 504.6 342.2 1261.6
10 558.9 359.6 1365.3
73 596.0 382.1 1418.9



SAND STORM NO. 37

DATE: 22 Oct 63

TIME POSITION OF TOP WIDTH LENGTH

Z y X

(seconds) (feet) (feet) (feet) (feet) (feet)

0 15,4 10.3 32.7 38.3
1 22.8 30.1 98.5 108.6
2 30.2 46.1 151.0 151.4
3 37.9 54,4 177.2 182.1
5 51.4 581( 234.7 252.1

6 62°6 60,' 243.9 289.3
7 71.9 75,0 292,. 320.6
8 69.8 88.0 331.3 329.7
9 75.4 102.7 345.2 379.2

10 82.8 109.2 367.0
11 89.4 76.8 383.3
12 92.9 78.0 407.2

13 99.5 82.9 439.9
14 106.6 94.6 463.2
15 14.9 94.7 458.2
16 125.6 100.0 491.3
17 130.5 107.5 534.9
18 112.9 144.1 538.4
19 114.7 152.0 566.3
20 123.4 158.2 574 7
25 151.8 177.2 696,5
29 180.5 207.8 792.6

I



SAND SIORM NO. 3S

DATE - 23 Oct •3

TiME POSITION OF TOP JWIDTH LENGTH

z y 7 ___

(seconds) (feet) (feet) (feet) (feel (feet) j
1 44.9 50.3 183.3 77.0
2 36.5 57.6 216.1 96.1
3 42./ 66.7 249.6 108.2
4 58.2 75,7 285.1 .12.6
5 45.0 89.8 317.0 117.1
6 15.O 103.7 348.0 120.4
1 72.9 112.8 380 8 126.5
8 81.1 13A.9 412.4 132.0
9 t7.3 142.7 442.4 139.5

10 93.2 156.9 472.2 151.6
11 99.6 166.6 501.2 156.2
12 I106.4 183.0 532.5 168.1
13 111.4 198.5 563.0 175.5
14 116.1 211.t 591.9 179.6
is 118.8 225.3 623.2 175.1
16 I 125.4 236.5 650.5 177.0
17 127.9 244.6 684.5 178.0
18 130.4 255.9 7!,.8

132.9 262.7 752.9
20 137.3 271.7 781.4 188.2
25 146.7 340.4 938.2 222.5
30 160.0 .;98.3 1105.6 252.0
35 168.4 4•3, 8 1258.0
40 180.6 525.5 1394.0

I Id

I iL
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Table BI (contd)

SAND STORM NO. 39

DATE: 29 Oct 63

TIME POSITION OF TOP WIDTH LENGTH

z Y x

(seconds) (feet) (feeto (feet) (feet) (feet)

0 13.8 6.6 28.7 23.1 21.5
1 20.9 10.9 77.2 40.9 35.3
2 21.8 19.8 104.9 49,0 63.8
3 27.7 25.2 149.0 58.3 71.8
4 37.2 35.9 165.2 61.8 81.2
5 44.8 36.7 180.1 66.4 76.9
6 49.7 39.0 188.0 70.5 102.4
7 56.8 42.9 198.0 74.2 108.6
8 60.9 45.0 210.4 80.7 114.6
9 66.2 47.8 223.1 81.5 121.4

10 70.7 50.4 233.3 86.2 142.0
11 75.5 52.5 244.1 90.4 151.9
12 78.2 53.7 264.1 164.1
13 75.6 60.0 268.9 166.5
14 78.7 55A4 280.5 173.9
15 85.2 59.5 292.5 i81.0
16 91.1 64.3 317.1 184.6
17 96.3 69.7 354.3 184,7
18 101.5 71.1 372.8 191.5
19 105.9 69.5 385.2
20 111.1 70.5 396.8 195.2
25 133.9 64.8 499.6
30 162.0 80.2 579.4
35 184.2 82.2 661.9
40 207.5 91.6 738.2
45 226.3 67.8 804.3
50 248.5 49.9 870.3
55 275,6 72.3 929.9
60 298.0 62.1 999.5
6S 322.4 65.5 1079.7
69 342.6 43.8 112S.3
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Table BI (contd)

SAND STORM NO. 40

DATE: 30 Oct 63

TIME POSITION OF TOP WIDTH LENGTH

(seconds) (feet) (feet) (loeo) (feet) (feet)

0 1 0.7 7.7 44.1 17.5

1 19.2 19.4 98.0 29.5
2 30.7 33.8 1i28.2 4,.6
3 37.1 43.S 164.4 49.6
4 44.7 S2. C 195.0 54.5
5 49.6 Sb. 223.4 56.0
6 54.S 6" 252.1
7 56.S 72. 273.3 63.3
8 sq.6 79.; 306.7 69.3
9 66.4 84.1 327 .6

10 71.2 88.7 353.0 73.4
11

12
13 p1.b 9C.', 430.5 78.6

97.6 457.8

15 1 158 97.2 484.7 82.7
1's lul.9 103.1 512.4
0 77 ýwl 1,',108.7 541.4
18 113.7 117.4 569.2 85.4
19
20 V8.9 131.2 617.6 89.1
25

29 151.3 207.1 889.6 99.6

,,,
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Table BI (contd)

SAND STORM NO. 41

DATE: 4 Nov 63

r
TIME POSITION OF TOP WIDTH LENGTH

z Y X

(econds) (feet) (feet) (feet) (feet) (feet)

0 24.0 20.8 80.0 27.8
1 25.3 34.8 130.6 44.7
2 30.9 49.0 177.8 53.3
3 37.4 57.7 218.5 59.0
4 41.3 63.8 256.2 74.6
5 45.6 69.6 288.7 81.8
6 48.7 71.0 296,9 94.9
7 S3.0 73.4 329.0 98.5
8 57.2 81.0 358.5 105.0
9 58.1 84.4 393.& 119.7

10 66.2 93.1 424,!
11 70,5 101.2 458.3 131.1
12 76.1 103.7 485.6 153.7
13 80.3 103.7 $10.6 135.1
14 87.3 108.^ 538L1 139.1
15 92.6 117.4 566.1
16 97.1 122.7 598.7 140.5
17 101.7 J26.6 630.1
i8 107.7 130.5 654.7
19 113,1. 13a.4 689.7
20 120.F 140,9 719.6
25 145.6 139.7 878.4
30 153.6 159.7 1051.1
35 166.8 148,0 1211.4
40 173.9 160.1 1377.9
45 IC:,1 159.. 1541.8
so 191.7 179.4 1713.6
52 198.7 182.7 1768.3

V I
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Table BI (contd)

SAND STORM NO. 42

DATE: 5 Nov 1963

TIME POSITION OF TOP WIDTH LENGTH

z y x
(seconds) (feet) (feet) (feet) (feet) (feet)

0 13.6 10.9 40.0 18.8
1 24.4 21.1 92.4 39.1
2 34.4 26.9 119.6 .3.1
3 45.7 44.5 167.5 68.6
4 42.1 54.8 217.9 76.3
S 55.2 5S.4 249.4 89.0
6 78.2 58.5 279.8 96.4
7 72.6 62.2 294.8 110.6
9 819 66.6 362.0 126.7

10 90.5 70.8 385.2
11 98.3 68.7 425.0 134.5
12 103.9 73.9 45S.0 144.6
13 112.0 82.4 493.1 147.1
14 119.4 98.9 541.9 159.4
15 125.0 93.1 579.1 166.4
16 127.3 91.5 607.7 167.0
17 132.7 95.0 644.0 168.5
18 140.7 90.9 670.7
19 150.8 97.4 713.3 179.9
20 151.9 106.S 747.6
25 181.1 133.9 957.1 185.7
30 210.1 143.9 1144.0
35 223.4 162.6 1347.7
40 248.9 161.1 1481.5
43 265.4 177.3 1611.8

L
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Table BI (contd)

SAND STORM NO. 43
DATE: 7 Nov 63

TIME POSITION OF TOP WIDTH LENGTH

z y x

(seconds) (feet) (feet) (feet) (feet) (feet)

0 17.4 10.7 42.6 19.1
1 27.1 21.0 89.4 34.9
2 34.0 27.7 128.S
3 44.2 26.1 148.4 47.9
4 55.6 29.S 165.6 54.2
S 65.3 36.4 194.2 63.4
6 74.4 41.3 228.5 70.1
7 82.2 46.6 253.8 78.9
8 90.3 46.5 277.2 86.7
9 96.8 56.6 305.6 92.3

10 103.7 57.S 325.6 101.0
11 108.5 60.7 346,3 111.3
12 113.8 65.7 373.0 122.6
13 116.6 73.4 395.4 133.8
14 119.8 74.9 428.1 147.0
15 123.4 75.7 452.1 153.3
16 128.9 81.1 482.7 157.4
17 129.9 85.7 503.2 160.5
18 136.6 95.1 S40.4 164.8
19 141.8 102.2 565.3 175.7
20 144,6 114.3 597,4 187.0
25 169.8 137.3 715,3 221.0
30 195.3 149.4 819.5 260,2
35 213.3 171.4 946.5 304.7
40 238.3 209.3 1071.9 338.7

F-t
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Appendix C

Variance of Wind Direction Fluctuations

The tabulations contained in this appendix show the variances of wind

azimuth fluctuations for various smoothing and sampling intervals. The mathe-

matical filter's used to obtain the data are explained in Chapter VI of the report.

The instrumentation used to collect the data is described in Chapter IV. The

variances, shown in units of degrees squared, are computed from 10 minutes

of record beginning 3 minutes before firing. The wind direction and speed - re

mean values for the same period and are in units of degrees true azim,,th and

meters per second.
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